id 



J 



Europaisches Patentamt 

European Patent Office 001 bi 

. . 0 Publication number: 0 281 381 Bl 

Office europeen des brevets w 



© EUROPEAN PATENT SPECIFICATION 

© Date of publication of patent specification: 15.07.92 © Int. CI. 5 : H05B 33/14, H 05 B 33/28, 

H05B 33/20, C09K 11/06, 
© Application number: 88301825.1 C09K 1 1/02 

© Date of filing: 02.03.88 



© Electroluminescent device with modified thin film luminescent zone. 



® 


Priority: 02.03.87 US 20408 


© 


Proprietor: EASTMAN KODAK COMPANY (a 




14.10.87 US 108342 




New Jersey corporation) 








343 State Street 


© 


Date of publication of application: 




Rochester New York 14650(US) 




07.09.88 Bulletin 88/36 










© 


Inventor: Tang, Ching Wan c/o EASTMAN KO- 


© 


Publication of the grant of the patent: 




DAK COMPANY 




15.07.92 Bulletin 92/29 




Patent Department 343 State Street 








Rochester New York 14650(US) 


© 


Designated Contracting States: 




Inventor: Chen, Chin Hsln c/o EASTMAN KO- 




BE DE FR GB NL 




DAK COMPANY 








Patent Department 343 State Street 


© 


References cited: 




Rochester New York 14650(US) 




EP-A- 0 120 673 




Inventor: Goswami, Ramanuj c/o EASTMAN 




EP-A- 0 278 757 




KODAK COMPANY 




GB-A- 1 385 911 




Patent Department 343 State Street 




US-A- 4 720 432 




Rochester New York 14650(US) 






© 


Representative: Phillips, Margaret Dawn et al 








Kodak Limited Patent Department Headstone 








Drive 








Harrow, Middlesex HA1 4TY(GB) 



00 



00 

CO 



00 
CM 



O Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
q may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
111 shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1 ) European patent convention). 



Rank Xerox (UK) Business Services 



I* 




V 

EP 0 281 381 B1 

Description 



70 



75 



This invention relates to organic electroluminescent device. More specifically, this invention relates to 
dewces wh,ch emrt light from an organic layer positioned between anode and cathode eSoJes when a 
voltage is applied across the electrodes. eieciroaes wnen a 

While organic electroluminescent devices have been known for about two decades, their performance 
hm.tat.ons have represented a barrier to many desirable applications performance 
Gurnee et al U.S. Patent 3,172,862, issued March 9, 1965, filed Sept. 29, 1960 disclosed an oraanir 

^ZZTt^TT- (F ° r br6Vity EU the C ° mm0n acr ° nym *» e'ectrolumTnesS 08 ? 1°Z 
subsisted) The EL dev.ce was formed of an emitting layer positioned in conductive contact with a 
*ansparent electrode and a meta, electrode. The emitting layer was formed of a conjugated o^nic host 
matenal. a conjugated organic activating agent having condensed benzene rings, and a finT^vided 
conduct,ve mater.al. Naphthalene, anthracene, phenanthrene, pyrene, benzopyrene, chJene pcene 

H n U °T; b J Pheny '- terPhenylS ' tripheny.ene oxide, dih^obiphenyUrans'-sti loene 

and 1,4-d,phenylbutad,ene were offered as examples of organic host materials. Anthracene titTTcene and 

Su^and n rir am f 38 8XamP ' eS ° f aCtiVatin9 39entS ' W " h an,hracene bei "9 discl <« ad to impart a green 
hue and penacene to .mpart a red hue. Chrome and brass were disclosed as examples of the m7ta\ 
elec rode wh.te the transparent electrode was disclosed to be a conductive glass. The emitting ayer was 

2Q srj'airissss? about 00001 inch "- ie - 254 mic — s - = 

SirTosnZTnLT, d ; sa , dvanta 9 e of employing high voltages and frequencies Gurnee U.S. Patent 
3,173 050 reported electrolum.nescence at 110 volts d.c. by employing in series with the emitting laver an 
.mpedance layer capable of accounting for 5 to 50 percent of the voltage drop across the eleTodes " 
Until relabvely recently the art has reported at best modest performance improvements over Gurnee 
25 white resort.ng to .ncreasingly challenging device constructions, such as those requiring alkali i m eS 
cathodes .nert atmospheres, relatively thick monocrysta.line anthracene phosphor elemSs andtr spedS 

r35 9 t V r^r me,rieS , T! Pa,em 3 ' 382 ' 394 ' M6hl 61 al US - Pa tent 3,530,325, Ro^S Patent 
3 359 445, W.ll.ams et al U.S. Patent 3,621,321, Williams U.S. Patent 3.772,556, Kawabe et a 
Bectroiummescence of Green Light Region in Doped Anthracene". Japan Journal of App ied PlTyJcs VoT 

10. pp. 527-528, 1971, and Partridge U.S. Patent 3,995,299 are represiTrtltive ~ — 1 

^4 ln nH 969 H teS « er ' " D ° l Uble ' njeCti0n Electrolum inescence in Anthracene", RCA Review. Vol. 30, pp 322- 
«n t t m « P8n K e k C °T° b0rated the P erforma "ce levels of then state of the artELde^ices employing thick 
anthracene phosphor elements, alkali metal cathodes, and inert atmospheres to protect the alkaE mil from 
spontaneous ox.dation. These EL devices were more than 30 urn in thickness and reqSd operaZ 

"™ J™ 8 , T, ?°° V0 ' tS - at,emPtin9 t0 redUCe phOSph0r ,ayer thickness and Zeby achieve 
n P W ? POten !, al leve,S below 50 volts Dresner tempted to coat anthracene powder between a 

E^ot?«£?niS 3 9 ° ,d ' IT™ " te " UriUm 9Hd Cath0de ' bUl Ph ° sph0r la " er thicknesses of 
less than 10 urn could not be successfully achieved because of pinholes 

Dresner U.S. Patent 3,710.167 reported a more promising EL device employing like Gurnee et al and 

SZL, T t U9 f " °: 9an L C C ° mP0Und ' bUt 38 ,he 30,6 COmponent of an emi « in 9 'aver of le s than 10 urn 
Son win a lavfrTtU" ,h ' CkneSS H . A m >°«™ -thode consisting of aluminum or degenerate 7 

SS^XSS C ° rreSPOnd,n9 a ' Um,num » Si,icon °< than 0.001 urn (10 Angstroms) in 
The most recent discoveries in the art of organic EL device construction have resulted from EL device 
construct.ons w.th two extremely thin layers «1.0 urn in combined thickness) separating the anode and 
cathode, one specifically chosen to transport holes and the other specifically chosen to transport electrons 
Z £ Z a l™ ZT C luminescent h 20 " e of the devi ~- ^is has al.owed applied voltages to be Seed 
° a „Sj a I 965 approachln 9 compatibility with integrated circuit drivers, such as field effect 

50 ohZlt nn h S3me t,me ° UtPUtS * theSe '° W drivin 9 vo| tages have been sufficient to permi 
so observation under common ambient lighting conditions 

n^ZZT^i U S n Patem 4 ' 356 ' 429 diSCl0S6S in Exam P ,e 1 an EL devica formed of a conductive 
urn M OOu Ann? Tl 1°' 7 h °' 6 trans P° rti "9 layer of copper phtha.ocyanine, a 0 ° 

um (1000 Angstroms) electron transporting layer of tetraphenylbutadiene in poly(styrene) also acting as the 
luminescent zone of the device, and a silver cathode y ; 9 s tne 

56 « zzzziZ"*' « - m *-» * - — - » 
sarss: riiSE? * ,,om eomm "' mw * ,s * ■ - — • — - 
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A further improvement in organic layer EL devices is taught by Van Slyke et al U.S. Patent 4,539,507. 
Referring to Example 1, onto a transparent conductive glass anode were vacuum vapor deposited 
successive 0,075 urn (750 Angstrom hole) transporting 1 ,1-bis(4-di-p-tolylaminophenyl)cyc!ohexane and 
electron transporting 4,4 , -bis(5,7-di-t-pentyl-2-benzoxazolyl)stilbene layers, the latter also providing the 

5 luminescent zone of the device. Indium was employed as the cathode. The EL device emitted blue = green 
light (520 nm peak). The maximum brightness achieved 340 cd/m 2 at a current density of about 140 
mA/cm 2 when the applied voltage was 22 volts. The maximum power conversion efficiency was about 1 .4 X 
10~ 3 watt/watt, and the maximum EL quantum efficiency was about 1.2 X 10 -2 photon/electron when driven 
at 20 volts. Silver, tin, lead, magnesium, manganese, and aluminum are specifically mentioned for cathode 

io construction. 

The discovery of techniques for fabricating organic EL devices with thin (<1 u.m) luminescent zones has 
indicated the potential for more widespread use. Light output is directly related to current density which is 
in turn a function of the field gradient (volts/cm) between the electrodes. When thicker organic layers are 
employed, higher voltages must be employed to achieve a field gradient consistent with acceptable light 

15 output levels- e.g., light emission sufficient to be readily detected in ambient room light. With organic EL 
devices having thin luminescent zones acceptable luminescence can be achieved at voltage levels 
conveniently provided by integrated circuits. 

Although thin film organic EL devices have offered promise, there have remained significant barriers to 
their broader use. One significant concern has been that available organic materials for forming thin 

20 luminescent zones have provided a limited choice of light emission wavelengths. For example, it can be 
readily appreciated that the formation of a full multicolour display requires at least a triad of individual 
organic EL devices, one device for emission in a different one of each of the blue, green, and red portions 
of the spectrum. Further, given the availability of a primary hue of emission, such as blue or green, the 
desirability of more precisely choosing the hue of emission arises. 

25 In addition to the matter of the hue of light emission by the thin film organic EL devices, the stability of 

the devices has remained a matter of concern. Most practical applications require limited voltage input or 
light output variance over an extended period of time. While the aromatic tertiary amine layers employed by 
Van Slyke et al U.S. Patent 4,539,507, cited above, have resulted in highly attractive initial light outputs in 
organic EL devices, the limited stability of thin film organic EL devices containing these layers has 

30 remained a deterrent to widespread use. Device degradation results in obtaining progressively lower current 
densities when a constant voltage is applied. Lower current densities in turn result in lower levels of light 
output. With a constant applied voltage, practical EL device use terminates when light emission levels drop 
below acceptable levels. If the applied voltage is progressively increased to hold light emission levels 
constant, the field across the EL device is correspondingly increased. Eventually a voltage level is required 

35 that cannot be conveniently supplied by the EL device driving circuitry or which produces a field gradient 
(volts/cm) exceeding the dielectric breakdown strength of the layers separating the electrodes, resulting in a 
catastrophic failure of the EL device. 

It is an object of this invention to provide an electroluminescent device capable of producing light output 
at lower levels of applied voltage and within a broader range of possible wavelengths and exhibiting high 

40 stability levels, comprising in sequence, an anode, an organic hole injecting and transporting zone, a 
luminescent zone, and a cathode. The EL device is characterized in that the luminescent zone is formed by 
a thin film of less than 1 urn in thickness comprised of an organic host material capable of sustaining hole 
and electron injection and a fluorescent material capable of emitting light in response to hole-electron 
recombination. 

45 The presence of the fluorescent material permits a choice from among a wide latitude of wavelengths of 
light emission. By selection of the materials forming the thin film organic EL devices of this invention, 
including particularly any one or combination of the fluorescent materials, the cathode metals, and the hole 
injecting and transporting materials, more stable device operation can be achieved than has been heretofore 
realized. 

so These and other advantages of the present invention can be better appreciated, by way of example, by 
reference to the following detailed description considered in conjunction with the drawings, in which 
Figure 1, 2, and 3 are schematic diagrams of EL devices. 

The drawings are necessarily of a schematic nature, since the thickness of the individual layers are too 
thin and thickness differences of the various device elements too great to permit depiction to scale or to 
55 permit proportionate scaling. 

An electroluminescent or EL device 100 according to the invention is schematically illustrated in Figure 
1. Anode 102 is separated from cathode 104 by an organic luminescent medium 106. The anode and the 
cathode are connected to an external power source 108 by conductors 110 and 112, respectively. The 
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25 



current S Z?n,f a l be * T^"™ CUnenX °' a,tematin9 current vo,ta 9 e sour <* « ™ intermittent 

current voltage source. Any convenient conventional power source, including any desired switchino 

bZIs^: emp !° h y ? which is capabie of positive,y biasin 9 the an ° de »i?ll35 

Either the anode or cathode can be at ground potential. 

n«JJ*i * d ^ Ce bS Vi6Wed 38 3 di0de which is forward biased when *e anode is at a hioher 
potentia than the cathode. Under these conditions the anode injects holes (positive charge carriers) 

£z a^ sin; : 14 - in, ° ,h ? ium : nescent medium whi,e the cath ° de xj^s 

shown at 116 into the luminescent medium. The portion of the luminescent medium adjacent the anode 
thus forms a hole transporting zone while the portion of the luminescent medium adjacent the ca^ode 
forms an electron transporting zone. The injected ho.es and electrons each migrate J^hTmSZ 
charged electrode. This results in hole-electron recombination within the organic luminescent medtm 

Z e LT {9 T7 M eC,r0n ^ ^ itS C ° ndUCti0n POtentia ' 10 a valence ba "<« «'«ng h^e energyTs 
released as light. Hence the organic luminescent medium forms between the electrodes a luminescence 
zone receiving mobile charge carriers from each electrode. Depending upon the choice of XrnatiJe 
SETST* th 7 eleaSed " 9ht Can be emitted *«" the luminescent materia, through one of mo"? o" 
2roregoing ePar 9 ** e,eCtr0deS> ,hr ° U9h ** Bnode thr ° U9h the Cathode ' or thro " 9h ^ coZiZ o! 

Reverse biasing of the electrodes reverses the direction of mobile charge migration internets charoe 
injec ton, and terminates light emission. The most common mode of operating organic STSSSJTS 

20 aasr dc - power source and to re,y ° n — «- j ~ - — - s 

effir!«nl h LhI 9 r iC E ' de ° f the inVenti ° n K is possib,e t0 main,ain a cu " e ™ density compatible with 

itZssT^rZJ? emP, T 9 % re,atiV6,y ' 0W V0 ' ta9e aCf0SS the electrodes b * '^i«ng the to a 
thickness of the organic luminescent medium to less than 1 urn (10,000 Angstroms). At a thickness of less 
than 1 urn an app.ied voltage of 20 volts results in a field potentia. of greater than 2 X 10* vofc£m witch 

Z£EE£JZL ? ici T ,i9ht emission - As more speci,ica,,y noted below - p - fe - d thickn'^'oTS 

organic luminescent medium are in the range of from 0.1 to 0.5 urn (1,000 to 5,000 Angstroms) allowino 
capabnS " aPP ' ied V0 ' ta9e 8nd/0r inCreaSe in the ,i6,d POtential ' ™ we » «™» ^Si£SZ 

30 the S^l'SnT n Th ' UmineS K Mn ^T ,iUm iS qUit8 thin> * iS USua,,y preferred 10 emit "9ht through one of 
the two electrodes This is achieved by forming the electrode as a translucent or transparent coating enter 
on the organic luminescent medium or on a separate translucent or transparent support. The wSStS of 
£££ A oZTcTJ" ba,anC f in9 N9ht ,ransmissi0 " extinction) and electrical cond usance (o 
ZZZX, . , t nCe f ° rm,ng 3 li9ht tra "smissive metallic electrode is typically for the 

TTV° be in . th8 ,hiCkneSS ran " ° f ,r ° m ab0ut °' 005 to °- 02 * (50 to 250 AngsSms) 

Organic EL device 200 shown in Figure 2 is illustrative of one preferred embodiment of the invention 
Because of the historical development of organic EL devices it is customary to emplo ™ t mmSZ anS' 
This has been achieved by providing a transparent insu.ative support 201 onto wWchTdeplite? a 

izt 7z a,iveiy .t work ,unction metai ° r metai ° xide trans P aren « ,a ^ to fa^^io?s52i: 

portion of the organic luminescent medium immediately adjacent the anode acts as a hole transport ng 
Zani^ ° f r9an ' C ' um,ne f cent medi ^ ^ Preferably formed by depositing on the anode a layer 205 of an 
organic material chosen for its hole transporting efficiency. In the orientation of the device 200 shown tSe 
0f9 T, 'T inescent medium ad *^ ^s upper surface constitutes an eZ^^nZ 
D 0 eferre d < ^ ™ * ™ ™ teriai Ch ° Sen ,or its e,ectron Unsporting efficiency S 

zone T* h h , ma ena ' S ' deSCrib6d belOW ' f0rmin9 the 205 a " d 207 . «» 'a«er a.so forms the 

zone i which luminescence occurs. The cathode 209 is conveniently formed by deposition on thTuDDer 
layer of the organic luminescent medium. uepusiHon on ine upper 

so Organic EL device 300 shown in Figure 3 is illustrative of another preferred embodiment of the 

Wh ! th h , T . 9 ,ransm,ss,ve < e -9-. transparent or substantially transparent) cathode 309 
Z S inn * I k I'" de T ICe 300 Can 66 f ° rmed identical, y as ^ device 200, thereby perSng Nght 
55 Zri n" 9 .- b0th an ° de and Cath0de ' in the Pre,erred form shown toe device 300 employs ^00^0 
55 charge conducting element to form the anode 301, such as a relatively high work funcUon metelHr 
substrate. The hole and electron transporting layers 305 and 307 can oe ^TcJZ ^ZZ^ 

ZZ^Z^^iViT 8nd T qUire n ° ,Urth6r d6SCriPti0n - The Si9 " i,iCant di^renrb^e n 
devices 200 and 300 is that the latter employs a thin, light transmissive (e.g., transparent or substantially 
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transparent) cathode in place of the opaque cathode customarily included in organic EL devices. 

Viewing organic EL devices 200 and 300 together, it is apparent that the present invention offers the 
option of mounting the devices on either a positive or negative polarity opaque substrate. While the organic 
luminescent medium of the EL devices 200 and 300 are described above as being comprised of a single 

5 organic hole injecting and transporting layer and a single electron injecting and transporting layer, further 
elaboration of each of these layers into multiple layers, as more specifically described below, can result in 
further enhancement of device performance. When multiple electron injecting and transporting layers are 
present, the layer receiving holes is the layer in which hole-electron recombination occurs and therefore 
forms the luminescent zone of the device. 

10 In the practice of the present invention the luminescent zone is in every instance formed by a thin film 
(herein employed to mean less than 1 urn in thickness) comprised of an organic host material capable of 
sustaining hole and electron injection and a fluorescent material capable of emitting light in response to 
hole-electron recombination. It is preferred that the luminescent zone be maintained in a thickness range of 
from 0,005 to 0,5 urn (50 to 5000 Angstroms) and, optimally, 100 to 1000 Angstroms, so that the entire 

75 organic luminescent medium can be less than 1 urn and preferably less than 1000 Angstroms in thickness. 

The host material can be conveniently formed of any material heretofore employed as the active 
component of a thin film luminescent zone of an organic EL device. Among host materials suitable for use 
in forming thin films are diarylbutadienes and stilbenes, such as those disclosed by Tang U.S. Patent 
4,356,429, cited above. 

20 Still other thin film forming host materials which can be employed are optical brighteners, particularly 
those disclosed by Van Slyke et al U.S. Patent 4,539,507, cited above. Useful optical brighteners include 
those satisfying structural formulae (I) and (II): 
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or 



wherein 

40 D\ D 2 , D 3 , and D 4 are individually hydrogen; saturated aliphatic of from 1 to 10 carbon atoms, for 
example, propyl, t-butyl, heptyl, and the like; aryl of from 6 to 10 carbon atoms, for example, phenyl and 
naphthyl; or halo such as chloro, fluoro, and the like; or D 1 and D 2 or D 3 and D 4 taken together comprise the 
atoms necessary to complete a fused aromatic ring optionally bearing at least one saturated aliphatic of 
from 1 to 10 carbon atoms, such as methyl, ethyl, propyl and the like; 

45 D 5 is a saturated aliphatic of from 1 to 20 carbon atoms, such as methyl, ethyl, n-eicosyl, and the like; 

aryl of from 6 to 10 carbon atoms, for example, phenyl and naphthyl; carboxyl; hydrogen; cyano; or halo, for 
example, chloro, fluoro and the like; provided that in formula (II) at least two of D 3 , D 4 and D 5 are saturated 
aliphatic of from 3 to 10 carbon atoms, e.g., propyl, butyl, heptyl and the like; 
Z is -O-, -N(D 5 )-, or -S-; and 

50 Y is 
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-D 7 fCH-CH^D 7 -, 



~<3 



w 



tCH-CH^D 7 fCH-CH^, 



or 
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wherein 

m is an integer of from 0 to 4; 

n is arylene of from 6 to 10 carbon atoms, for example, phenylene and naphthylene; and 

D* is hydrogen; a saturated aliphatic substituent of from 1 to 10 carbon atom* <=„rh a c =,„ * ■ 

D? is arylene of from 6 to 10 carbon atoms, such as phenyl or naphthyl- 
Z' and Z" are individually N or CH. 
As used herein "aliphatic" includes substituted aliphatic as well as unsubstituted aliphatic. The substituents 

oroov. and'thLT, t,tU T fl"^ inC ' Ude a ' kyl ° f fr ° m 1 10 5 carbon atoms - for -arnPle me^l eC 
propyl and the like; ary of from 6 to 10 carbon atoms, for example, phenyl and naphthyl' halo such as 

P^oxy'^thele 6 ^ "* **» ' » 5 ^ *" ^ 

Still other optical brighteners that are contemplated to be useful are listed in Vol 5 of Chemistrv of 
gn^cDyes, 1971 pages 618-637 and 640. Those that are not already thin-film-forming canSSS 
so by attaching an aliphatic moiety to one or both end rings renoered 
Particularly preferred host materials for forming the luminescent zone of the organic EL devices of this 
jnventons are metal chelated oxinoid compounds, including chelates of oxine (also commonly ^ Uo as 
8-qu,nol.no. or 8-hydroxyquinoline). Such compounds exhibit both high levels of pe^Ince Sd are 

ZZZ^Zfe" thin ,ilms - Exemplary of contemp,aL oxinoid ™ ; 
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wherein 

30 Mt represents a metal: 

n is an integer of from 1 to 3; and 

Z 2 independently in each occurrence represents the atoms completing a nucleus having at least two 
fused aromatic rings. 

From the foregoing it is apparent that the metal can be monovalent, divalent, or trivalent metal. The 
35 metal can, for example, be an alkali metal, such as lithium, sodium, or potassium; an alkaline earth metal, 
such as magnesium or calcium; or an earth metal, such as boron or aluminum. Generally any monovalent, 
divalent, or trivalent metal known to be a useful chelating metal can be employed. 

Z 2 completes a heterocyclic nucleus containing at least two fused aromatic rings, at one of which is an 
azole or azine ring. Additional rings, including both aliphatic and aromatic rings, can be fused with the two 
40 required rings, if required. To avoid adding molecular bulk without improving on function the number of ring 
atoms is preferably maintained at 18 or less. 

In the following description, the abbreviation "a.k.a." means "also known as". 

Illustrative of useful host materials capable of being used to form thin films are the following: 





HM-1 


Aluminum trisoxine 


45 




[a.k.a., tris-(8-quinolinoi) aluminum] 




HM-2 


Magnesium bisoxine 






[a.k.a., bis(8-quinolinol) magnesium] 




HM-3 


Bis[benzo{f}-8-quinolinol] zinc 




HM-4 


Bis(2-methyl-8-quinolinolato) aluminum oxide 


50 


HM-5 


Indium trisoxine 






[a.k.a., tris(8-quinolinol) indium] 




HM-6 


Aluminum tris(5-methyloxine) 






[a.k.a., tris(5-methyl-8-quinolinol) aluminum 




HM-7 


Lithium oxine 


55 




(a.k.a., 8-quinolinol lithium] 




HM-8 


Gallium trisoxine 






[a.k.a., tris(5-chloro-8-quinoiinol) gallium] 




HM-9 


Calcium bis(S-chlorooxine) 
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[a.k.a., bis(5-chloro-8-quinolinol) calcium] 

HM-10 Poly[2jnc(ll)-bis(8-hydroxy-5-quinolinyl)-methane] 

HM-1 1 Dilithium epindolidione 

HM-1 2 1 ,4-Dipheny Ibutadiene 

5 HM-1 3 1,1 ,4,4-Tetraphenylbutadiene 

HM-1 4 4 ) 4'-Bis[5 1 7-di(t-pentyl-2.benzoxazolyl]-stilbene 

HM-1 5 2 l 5-Bis[5 > 7-di(t-pentyl-2-ben20xa2olyl]thio-phene 

HM-1 6 2,2'-(1 ,4-pheny lenedi vinylene)bisbenzothiazole 

HM-1 7 4,4'-(2,2'-Bisthiazolyl)biphenyl 

W u^ 1 f 2 ' 5 - Bis[5 -< a ' a - dimeth y'benzyl)-2-benzoxazolyl]thiophene 

J ^ 5 - Bis f 5 ' 7 - di (t-pentyl)-2.benzoxazol y l]-3,4.diphen y ithiophene 
HM-20 Trans-stilbene 

integration of both emissions Perceived hue of hght em.ss.on would be the visual 

maS. Thus by chts^e pZor 'of IT"'" 9 emiSSi ° n 81 W8Velen9thS ^eristic of theS 

Academic Press, 1973 Chapter 15 reported by R. J. Cox, Photographic Sensitivity , 
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disclosed by F. Gutman and L. E. Lyons, Oragnic Semiconductors , Wiley, 1967, Chapter 5. 

Where a host material is chosen which is itself capable of emitting light in the absence of the 
fluorescent material, it has been observed that suppression of light emission at the wavelengths of emission 
characteristic of the host material alone and enhancement of emission at wavelengths characteristic of the 

5 fluorescent material occurs when spectral coupling of the host and fluorescent materials is achieved. By 
spectral coupling it is meant that an overlap exists between the wavelengths of emission characteristic of 
the host material alone and the wavelengths of light absorption of the fluorescent material in the absence of 
the host material. Optimal spectral coupling occurs when the maximum emission of the host material alone 
substantially matches within ± 25 nm the maximum absorption of the fluorescent material alone. In practice 

w advantageous spectral coupling can occur with peak emission and absorption wavelengths differing by up to 
100 nm or more, depending on the width of the peaks and their hypsochromic and bathochromic slopes. 
Where less than optimum spectral coupling between the host and fluorescent materials is contemplated, a 
bathochromic as compared to a hypsochromic displacement of the fluorescent material produces more 
efficient results. 

75 Although the foregoing discussion has been undertaken by reference to host materials which are known 
to themselves emit light in response to hole and electron injection, in fact light emission by the host 
material itself can entirely cease where light emission by the fluorescent material is favored by any one or 
combination of the various relationships noted above. It is appreciated that shifting the role or light emission 
to the fluorescent material allows a still broader range of choices of host materials. For example, one 

20 fundamental requirement of a material chosen to emit light is that it must exhibit a low extinction coefficient 
for light of the wavelength it emits to avoid internal absorption. The preent invention permits use of host 
materials which are capable of sustaining the injection of holes and electrons, but are themselves incapable 
of efficiently emitting light. 

Useful fluorescent materials are those capable of being blended with the host material and fabricated 

25 into thin films satisfying the thickness ranges described above forming the luminescent zones of the EL 
devices of this invention. While crystalline host materials do not lend themselves to thin film formation, the 
limited amounts of fluorescent materials present in the host materials permits the use of fluorescent 
materials which are along incapable of thin film formation. Preferred fluorescent materials are those which 
form a common phase with the host material. Fluorescent dyes constitute a preferred class of fluorescent 

30 materials, since dyes lend themselves to molecular level distribution in the host material. Although any 
convenient technique for dispersing the fluorescent dyes in the host materials can be undertaken, preferred 
fluorescent dyes are those which can be vacuum vapor deposited along with the host materials. Assuming 
other criteria, noted above, are satisfied, fluorescent laser dyes are recognized to be particularly useful 
fluorescent materials for use in the organic EL devices of this invention. 

35 One preferred class of fluorescent dyes are fluorescent coumarin dyes. Among specifically preferred 
fluorescent coumarin dyes are those satisfying formula IV: 



where 

R 1 is chosen from the group consisting of hydrogen, carboxy, alkanoyl, alkoxycarbonyl, cyano, aryl, and 
so a heterocylic aromatic group, 

R 2 is chosen from the group consisting of hydrogen, alkyl, haloalkyl, carboxy, alkanoyl, and alkoxycar- 
bonyl, 

R 3 is chosen from the group consisting of hydrogen and alkyl, 
R A is an amino group, and 
55 R 5 is hydrogen, or 

R 1 and R 2 together form a fused carbocyclic ring, and/or 

the amino group forming R 4 completes with at least one of R 3 and R 5 a fused ring. 

The alkyl moieties in each instance contain from 1 to 5 carbon atoms, preferably 1 to 3 carbon atoms. 



45 
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(IV) 




9 



EP 0 281 381 B1 

Z^r^Z^^:^ «~> are preferab.y five, six, or 
containing carbon atoms and ToTlTu^LTZl^ LZ r ! 

and nitrogen. The amino group can be a oriZ TZ^T . 9 P cons,stin 9 of oxygen, sulfur, 
5 nitrogen completes a fused ring S « iKTLSZ^L" ^ T'" 0 9r ° UP ' Whe " the amino 
ring. For example, R* can take the form ofTnf Subst,t "f nt - the ""9 's preferably a five or six membered 
adjacent substLnt ffTXKraSl! ^ * ** With 0ne 

nitrogen atom forms rings with both S^SH^^F b8n " *« ° f ,h « when the 

« «- — *" - — - ,ser dyes: 

FD-2 4,6-Dimethyl-7-ethylaminocoumarin 

FD-3 4-Methylumbelliferone 

FD-4 3-(2'-Benzoth.azolyl).7.diethylaminocoumarin 

is Fnt f ( A 2 '" Ben2imidazo, yO-7-N,N-diethylaminocoumarin 

75 fd-6 7-Amino-3-phenylcoumarin 

FD-8 7-Diethylam.no-4.trifluoromethylcoumarin 

fd?o ? ,3 f 6 ' 1 ^ H ; Tetrah ^ 

20 Fn" ? ^ y A ClOpenta[c ^ ,o,indino f9.10-33-11H.pyran-11.one 
20 pd-11 7-Amino-4-methylcoumarin 

FD-1 2 7-Dimethylaminocyclopenta[c]coumarin 

FD-1 3 7-Amino-4-trifluoromethylcoumarin 

FD-1 4 7 -Dimethylamino-4-trifluoromethylcoumarin 

mil rn thylamin °" 6 " methy, - 4 - tri,,uoro ' Tleth y |< =<'^arin 
ru-iB 7-Drmethylamino-4-methylcoumarin 

FD-20 9 iic«yH245°3 H H6HH^^ 

30 FD-21 «Wl2«S'Si2^ ^^S y ?° ^ n20 Py rano [ 9 ' 9 a^h]quinolizino-1(^one 

FD-22 9/Bulyci£„^ 

FD-23 4-MethylpUdSUgSma^ 

FD-24 4-Trifluoromethylpiperidino[3,2-g]coumarin 



35 



40 



(V) 



V 



II 

y v 



wherein 

so X represents oxygen or sulfur; 

R 6 represents a 2-(4-aminostyryl) group- and 
lZ::?l^rtlT^™^ "roup, or an ary. group 



55 



Aithr,, «h v * y H ' <a,Ky ' grou P' or an ar y' 9roup. 

-^^rss.azasria *r as,M r M8to — — 

primary, secondary, or tertiary amino arouo i Tnn» «Z 7* ,! ' response - The Qroup can be a 

least one addition fused rinn wiTh hi = l PeC, : Ca " y Dre,erred f °™ ^ amino group can form at 

9.oup ca„ ,„ m . f^s iTir^rrs^ r" ph,n '" " n ° m *• "*° 
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preferably 1 to 3 carbon atoms. The aryl group forming R 7 is preferably phenyl. When both R 6 and R 7 form 
a 2-(4-aminostyryl) group, the groups can be the same or different, but symmetrical compounds are more 
conveniently synthesized. 

The following are illustrative fluorescent dicyanomethylenepyran and thiopyran dyes: 
5 FD-27 4-(Dicyanomethylene)-2-methyl-6-(p-dimethylaminostyryl)-4H-pyran 
FD-28 4-(Dicyanomethylene)-2-methyl-6-[2-(9-julolidyl)ethenyl]-4H-pyran 
FD-29 4-(Dicyanomethy!ene)-2-phenyl-6-[2-(9-julolidyl)ethenyl]4H-pyran 
FD-30 4-(Dicyanomethylene)-2,6-[2-(9-julolidyl)-ethenyl]-4H-pyran 
FD-31 4-(Dicyanomethylene)-2-methyl-6-[2-(9-julolidyl)ethenyl]-4H-thiopyran 
io Useful fluorescent dyes can also be selected from among known polymethine dyes, which include the 
cyanines, merocyanines, complex cyanines and merocyanines (i.e., tri-, tetra- and poly-nuclear cyanines 
and merocyanines), oxonols, hemioxonols, styryls, merostyryls, and streptocyanines. 

The cyanine dyes include, joined by a methine linkage, two basic heterocyclic nuclei, such as azolium 
or azinium nuclei, for example, those derived from pyridinium, quiolinium, isoquinolinium, oxazolium, 
75 thiazolium, selenazolium, indazolium, pyrazolium, pyrrolium, indolium, 3H-indolium, imidazolium, ox- 
adiazolium, thiadioxazolium, benzoxazolium, benzothiazolium, benzoselenazolium, benzotellurazolium, ben- 
zimidazolium, 3H- or 1 H-benzoindolium, napthoxazolium, naphthothiazolium, naphthoselenazolium, naph- 
thotellurazolium, carbazolium, pyrrolopyridinium, phenanthrothiazolium, and acenaphthothiazolium quater- 
nary salts. 

20 Exemplary of the basic heterocyclic nuclei are those satisfying Formulae VI and VII. 



(VI) ,- - z 3 - -, 

-C — (L-L)^-N-R 



_ _ z 3_ _ 

30 -C— (L-L) -N -R 



35 



(VII) - Q' , 

-C-L — (L-L)^-N-R 



I 





40 -C-L— <L-L) q -N -R 



where 

Z 3 represents the elements needed to complete a cyclic nucleus derived from basic heterocyclic 
45 nitrogen compounds such as oxazoline, oxazole, benzoxazole, the naphthoxazotes (e.g., naphth[2,1-d]- 
oxazole, naphth[2,3-d]oxazole, and naphth[1 ,2-d]oxazole), oxadiazole, thiazoline, thiazole, benzothiazole, the 
naphthothiazoles (e.g., naphtho[2,1-d]thiazole), the thiazoloquinolines (e.g., thiazolo[4,5-b]quinoline), phenan- 
throthiazole, acenaphthothiazole, thiadioxazole, selenazoline, selenazole, benzoselenazole, the naph- 
thoselenazoles (e.g., naphthofl ,2-d]-selenazole), benzotellurazole, naphthotellurazoles (e.g., naptho[1 ,2-d]- 
50 tellurazole), imidazoline, imidazole, benzimidazole, the naphthimidazoles (e.g., naphth[2,3-d]imidazole), 2- or 
4-pyridine, 2- or 4-quinoline, 1- or 3-tsoquinoline, benzoquinoline, 3H-indole, 1H- or 3H-benzoindole, and 
pyrazole, which nuclei may be substituted on the ring by one or more of a wide variety of substituents such 
as hydroxy, the halogens (e.g., fluoro, chloro, bromo, and iodo), alkyl groups or substituted alkyl groups 
(e.g., methyl, ethyl, propyl, isopropyl, butyl, octyl, dodecyl, octadecyl, 2-hydroxyethyl, 3-sulfopropyl, 
55 carboxymethyl, 2-cyanoethyl, and trifluoromethyl), aryl groups or substituted aryl groups (e.g., phenyl, 1- 
naphthyl, 2-naphthyl, 4-sulfophenyl, 3-carboxyphenyl, and 4-biphenylyl), aralkyl groups (e.g., benzyl and 
phenethyl), alkoxy groups (e.g., methoxy, ethoxy, and isopropoxy), aryioxy groups (e.g., phenoxy and 1- 
naphthoxy), alkylthio groups (e.g., methylthio and ethylthio), arylthio groups (e.g., phenylthio, p-tolylthio, and 
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fonyl); ° mor P r,0,,n °>- a cyl groups, (e.g., formyl, acetyl, benzoyl, and benzenesul- 

. de ^ *•» basic heterocyc.ic 

R represents alkyl group^^g oups S2?S^ Pyrazole. indazo.e. and pyrro.opyridine; 
(e-9.. carboxy, hydroxy, suite alkoxy suSato 2j alM 9r0UpS ' with 0f with °* substi.uents. 

L is in each occurrence indeSndenHv °' ph ° sphono ' chloro - ™* bromo substituents); 

group-e. g ., -CR' = gr0U p TZTeTZ^TZlZ'T* t °' unsu "stituted methine 

»• most commonly represents alky! of f om T to 4 *Z aim, TT ^ * U "«"*° and 
substituted; and Carbon a,oms or P hen y' when the methine group is 



q is 0 or 1 . 



20 



25 



30 



-inkagrcZafn : * lhe tyP * Sh °» n in F °™' a V- joined by a methine 

each of Formulae V. and 11 joined bv "me SifST * C ° nlain 3 heter <W "udeus according to 
where the methine groups can ak e tte iZ W T^T'^r number ° f me,hif1e 
methine groups linking nuclei m ^he Jolymlin ^e i The 9reater the ™ mb *' o, the 
longer the absorption wavelengths of the dZ For examl^ k ^ Cyamne dy6S in particu,ar the 
five methine groups linking L baste tocyc.^ 

carbocyanine dyes (cyanine dyes contain,nr^ermethile l ! . ^ ^ wavelen 9 ths ««• 
which in turn exhibit longer absorption wavetenX T 9 P ". nk,n9 ^ baSic heter ^yclic nuclei) 
single methine group linking trSTS^^''^^ W». <*■• (cyanine dyes containing a 
longer wavelength dyes whte simole cvanlTS . • ° arboc y anine a "°" dicarbocyanine dyes are 
maxima up to aL/s*, nm in ^^^oTcJS^S T ^ ^ abS ° rpti ° n 

bathochromically shifting absorption P ° f nUC ' e ' and other components capable of 

^Zs^Z^S^^^' * - as ,,uorescent dyes are so-called 
This avoids radiationless kinet!c TsSpaS >o< Z Te^Z^Z^ * T h relati °" to another - 

structure is to incorporate a separate bTdla IrLTnTf 9V " ° ne appr0ach to ri 9 idizin 9 the dye 

chain .inkage joining the terminable ofZ dv BrdaL^n ? ^ ' inka9e h addition to the ™^ 
al U.S. Patent 2,478,367, Brooker U S Patent ^ >47 9 ^f *" by Brooke ' et 

"Picosecond Time Reso.ved F.uoreLnce ^ 

Physics, Vol. 43 (1979) pp. 307-316 Polymethme and Related Dyes", Chemical 

and bathochromically shifting the ■2^£^^££E ° f teChn ' qUeS f ° r b ° th ri9idizin 9 
particular is to include in the methine linkaoe a^L^T ^ 9eneral and c y anine ^ " 
nuclei can take any of the forms indicate oy FormuTa S 9 ' n9 ^ ° X0Carb ° n brid9in 9 
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(VIII) 



70 



75 



20 




wherein n is the integer 0, 1 , or 2. 

Merocyanine dyes link one of the cyanine dye type basic heterocyclic nuclei described above to an 

25 acidic keto methylene nucleus through a methine linkage as described above, but containing zero, two, or a 
higher even number of methine groups. Zero methine dyes, those containing no methine groups in the 
linkage between nuclei, exhibit a double bond linkage between the nuclei in one resonance form and a 
single bound linkage in another resonance form. In either resonance form the linkage sites in the nuclei are 
formed by methine groups forming a part of each nucleus. Zero methine polymethine dyes are yellow dyes. 

30 Exemplary acidic nuclei are those which satisfy Formula IX. 

(IX) o 

ij 

35 / 



where 

40 G 1 represents an alkyl group or substituted alkyl group, an aryl or substituted aryl group, an aralkyl 
group, an alkoxy group, an aryloxy group, a hydroxy group, an amino group, or a substituted amino group, 
wherein exemplary substituents can take the various forms noted in connection with Formulae VI and VII; 

G 2 can represents any one of the groups listed for G 1 and in addition can represent a cyano group, an 
alkyl, or arylsulfonyl group, or a group represented by 

45 

-C-G 1 , 



50 



II 

O 



or G 2 taken together with G 1 can represent the elements needed to complete a cyclic acidic nucleus such 
as those derived from 2,4-oxazolidinone (e.g., 3-ethyl-2,4-oxazolidindione), 2,4-thiazolidindione (e.g., 3- 
methyl-2,4-thiazolidindione), 2-thio-2,4-oxazolidindione (e.g., 3-phenyl-2-thio-2,4-oxazolidindione), rhodanine, 
55 such as 3-ethylrhodanine, 3-phenylrhodanine, 3-(3-dimethylaminopropyl)rhodanine, and 3-carboxymethyl- 
rhodanine, hydantoin (e.g., 1,3-diethylhydantoin and 3-ethyM-phenylhydantoin), 2-thiodhydantoin (e.g., 1- 
ethyl-3-phenyl-2-thiohydantoin, 3-heptyl-1-phenyl-2-thiohydantoin, and arylsulfonyl-2-thiohydantoin), 2- 
pyrazolin-5-one, such as 3-methyl-1-phenyl-2-pyrazolin-5-one, 3-methyl-1-(4-carboxybutyl)-2-pyrazolin-5- 
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20 



25 



'ndaU^l^^fJitS^Se'SS; S "° '^*'»"V«.5 TOM i« ton . ) . ,.3. 



w (X) 

.G 3 



-"V 



is where 



G 3 and G 4 may be the same or different and mav reDresent alkvi «■ iu • , 

aryl, or aralkyl. as illustrated for ring substituents in FormuTa To G X ST , subst,tuted 
system derived from a cyclic secondary amine such T^rrLin^ , ■ t09ether C ° mp ' ete 3 ring 

Useful merostyryl dyes exhibit a keto methylene nucleus as shown in Form.,!* iy an n . , 
shown in Formula XI joined by a methine linkaoe as d JrrihJ iJ* * nd 3 nudeus as 

number of methine groups 9 described above conta.n.ng one or a higher uneven 
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55 



(XI) . 

where 

G 3 and G 4 are as previously defined 
nm>£££2 ^ " ,US,ratiVe " P °*™'» «*« capab.e 0 , maximum ,i 9 ht absorptLTshorter «550 
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FD-35 



FD-36 



i u + > C '•' J 





1 


1 




R 


R 




R 


X~ 


FD-32 




Cl~ 


FD-33 




PTS" 


FD-34 


-CH 2 CH-CH 2 


CI" 



PTS 



2-toluene sulfonate 

i 



CH 2 CH 3 



CH 2 CH 3 



'6"5 



•A 



i 

CH- 



CH. 



/ \ /N / N A 

• • • • ^ • 



i 

R 



I 

R 



CI 



CI 
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FD-37 
FD-38 
FD-39 



-CH 2 CH 3 

-C^H 9 

-C 5 H 1X 



C10< 
CIO, 
BF ~ 



45 



50 



FD— 40 



CH„ 



i U + 1 

s./ v" \' v Vh, 



CH 2 CH 3 



CH- 



CI 
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15 
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30 



35 



• — • 

V 

l « O c i 

'° I.. _.. CIO 



CH 2 CH 3 4 



FD-42 



<v> 



CH 2 CH 3 C1 °4 



FD-43 A 0 



I II + ^~. -< l| J 



C 6 H 13 C 6 H 13 



v s J X 



40 FD-44 
FD-45 
FD-46 

45 FD-47 



50 





R 


R* 


-CH 3 




H 


-CH 3 


-CH 3 


-C 2 H 3 


"*3 H 7 


-CH 3 


H 



« l 'v A >- CH 3 

CH 2 CH 3 N .' 



3 



CI 



u + i cr 
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^•-*CH-CH*™^ ^— (NR C ) 2 



n R R c 



FD-48 1 -CH 3 C 2 H 5 PTS- 

FD-49 1 (CH 2 ) 3 S0 3 - C 5 H n 

w FD-50 1 (CH 2 ) 4 S0 3 - C 5 H 11 

FD-51 2 (CH 2 ) 5 S0 3 - C 2 H 5 

FD-52 3,3'-Ethylenethiacyanine p-toluenesulfonate 

75 FD-53 r^-Ethylenethia-^-cyanine chloride 

FD-54 1 .r-Ethylene^.^-cyanine chloride 

FD-55 3,3'-Ethyleneoxacyanine chloride 

FD-56 1 ,r-Diethyl-3,3'-Ethyleneben2imidazolocyanine p-toluenesulfonate 

FD-57 1 ,V-Diethyl-3,3'-methylenebenzimidazolocyanine chloride 

20 FD-58 1 ,1'-Ethylenecyanine chloride 

FD-59 1 ,r-Methylenecyanine chloride 

FD-60 5,5',6,6'-Tetrachloro-1 ,1'-diethyl-3,3'-ethanediylbenzimidazolocyanine chloride 

FD-61 5,5',6,6'-Tetrachloro-1 J'-ethanediyl-3,3'-dimethylbenzimidazolocyanine chloride 

FD-62 Anhydro-5,5 / 1 6 > 6 / -tetrachloro-1 > r-ethandiyl-3,3 / -bis(3-sulfopropyl)benzimida2olo cyanine hy- 

25 droxide, sodium salt 

FD-63 2,2'-Methanediylbis-(5,6-dichloro-1 -methylbenzimidazole 

FD-64 5,5',6,6'-Tetrachloro-1 ,r-dimethyl-3,3'-propanediylbenzimidazolocyanine p-toluenesulfonate 

FD-65 5,5',6,6'-Tetrachloro-1 ,1 '-dimethyl-3,3'-methanediylbenzimidazolocyanine p-toluenesulfonate 

FD-66 5,5^6,6'-Tetrachloro-1,1'-ethanediyl-3,3'-bis(2,2 > 2-trifluoroethyl)benzimidazolocyanine p- 

30 toluenesulfonate 

FD-67 5,5',6,6'-Tetrachloro-1,1'-ethanediyl-3,3',8-trimethylbenzimidazolocyanine p-toluenesulfonate 

Many polymethine dyes are capable of maximum light absorption at longer visible (> 550 nm) 
wavelengths, with maximum fluorescence wavelengths generally lying in the red and near infrared portions 
of the spectrum. The following are illustrative of polymethine dyes capable of maximum light absorption at 
35 longer visible wavelengths: 
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FD-71 
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CH 
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<_> 



C 6 H 5 



CH 



CH 2 CH 3 



CH 2 CH 3 
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FD-75 



CH 2 CH 3 
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CH 2 CH 3 



CI" 



10 



15 
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^y ^ 
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R 8 
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-C 4 H 9 


-H 




Cl~ 
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" C 18 H 37 


— H 




PTS~ 
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-CH 3 




Cl~ 
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-CH 3 




Cl~ 


25 
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-1-C 3 H 7 


-CH 3 
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FD-81 


-C 3 H 7 


-C 2 H 5 
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-C 2 H 5 




C 3 F ? COO~ 
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F1M.9 CH 2 CH^H 2 H „ „ „ pTS - 

FD-,0 O^— ^ iH 2 -C-i« 2 H „ pr s - 



FD-91 



(CH 3 ) 2 

VWV<^ ,« ex" 

I I 

C 2 H 5 C 2 H 5 



FD-92 



C 2 H 5 C 2 H 5 



FD-93 



C 6 H S .C,H C 
V 5 y 6 5 ClO^ 



(CH 2 ) 3 COOCH 3 (CH^COOCH, 



cr 



W VV 

CH 2 CH 3 CH 2 CH 3 
CH 2 CH 3 CH 2 CH 3 
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w FD-96 -CH 2 CH 2 C 6 H 5 BF^ 

FD-97 -CH 2 CH 3 Cl" 



FD-98 



1 CH 1 6 

CH 2 CH 3 un 3 CH 2 CH 3 



FD-99 
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V' V V ex" 

i t 



C 2 H 5 C 2 H 5 
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FD-109 R - C 6 H 5 

FD^llO R - -C 10 H 7 , i.e. 

a-naphthyl 
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FD-111 0 
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Another useful class of fluorescent dyes are 4-oxo-4H-benz-[d,e]anthracenes, hereinafter referred to as 
25 oxobenzanthracene dyes. Preferred fluorescent oxobenzanthracene dyes are those represented by formula 
XII: 



30 



(XII) Y l m p 9 

i u 

iX V N. 
1 U 
./ \X V 
1 u » 
N./ N # / 
ii 

0 



40 In this structure, R 9 is hydrogen, substituted or unsubstituted alkyl (preferably of 1 to 12 carbon atoms, 
e.g. methyl, ethyl, isopropyl, benzyl, phenethyl, etc.), substituted or unsubstituted hydroxyalkyl (preferably 
of 1 to 12 carbon atoms, e.g. hydroxy methyl, 2-hydroxy ethyl, 2-hydroxy isopropyl, etc.), or substituted or 
unsubstituted alkoxycarbonyl (preferably of 2 to 12 carbon atoms, e.g. methoxycarbonyl, ethoxycarbonyl, n- 
propoxycarbonyl, etc.). Preferably, R 9 is hydrogen, substituted or unsubstituted alkyl or substituted or 

45 unsubstituted alkoxycarbonyl, and more preferably it is substituted or unsubstituted alkoxycarbonyl. 

W is hydrogen or an electron withdrawing group as that term is understood in the art (i.e. a group 
generally having a positive Hammett sigma value as determined by standard procedures). Particularly 
useful electron withdrawing groups include, but are not limited to, halo (e.g. fluoro, chloro, bromo), cyano, 
carboxy, acyl, substituted or unsubstituted arylsulfonyl (preferably of 6 to 10 carbon atoms, e.g. phenylsul- 

50 fonyl, tolylsulfonyl, etc.), substituted or unsubstituted alkylsulfonyl (preferably of 1 to 6 carbon atoms, e.g. 
methylsulfonyl, ethylsulfonyl, etc.), substituted and unsubstituted dialkylphosphinyl (preferably where each 
alkyl group independently has 1 to 10 carbon atoms, e.g. methyl, ethyl, butyl, decyl, etc.) and substituted or 
unsubstituted dialkyl phosphono (preferably where each alkyl group independently has 1 to 10 carbon 
atoms as defined above). Preferably, W is hydrogen or halo. 

55 Y 1 is hydrogen, or a group comprised of a heteroatom having a lone pair of electrons or a negative 
charge with an associated cation, e.g. hydroxy, mercapto or amino (-NR*R~). R" and R~ are independently 
substituted or unsubstituted alkyl (preferably of 1 to 10 carbons, e.g., methyl, ethyl, decyl, etc.), substituted 
or unsubstituted aryl (preferably of 6 to 10 carbons, e.g., phenyl, naphthyl, etc.), or R* and R , taken 
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together can represent the atoms necessary to complete a substituted or unsubstituted heterocyclic ring 
(preferably of 5 to 10 carbon, nitrogen or oxygen atoms, e.g. a morpholino, pyrrolidinyl. pyridyl, piperidino 
etc. ring). Y can also be substituted or unsubstituted alkoxy (preferably of 1 to 10 carbon atoms eg 
methoxy, ethoxy, 2-chloro-1-propoxy, etc.), substituted or unsubstituted carbamyloxy 



O 
II 

<-0-C-NR M R" • ) , 

10 

wherein FT and r" are defined above, -CT M* or -S" m\ wherein Ivf is a monovalent cation, e.g Na + K + 
Li , NH« , etc. Preferably Y 1 is hydroxy or -CTM . 
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Methyl 
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W 

Hydrogen 

Hydrogen 
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Hydroxy 



Chloro -o Na + 

Ch 1 or o N-me thy 

phenylcarbamyloxy 
Hydrogen Pyrrolidinyl 
Hydrogen Hydroxy 



Hydrogen 



Chloro 



-O Na" 



-O Na + 



The oxobenzanthracene dyes illustrated above can have one or more substituents other than those 
specifically illustrated in the structure as long as the substituents do not adversely affect the fluorescence of 
the compound, such as alkyl (e.g., alkyl of 1 to 5 carbon atoms), aryl (e.g., phenyl), and other groups 

The oxobenzanthracene dyes can be prepared generally using the following procedure. The details of 
several preparations are provided in APPENDIX I below. The general preparatory procedure includes- (1) 
preparation of a d.hydrophenalenone by the procedure described by Cooke et al, Australian J. Chem 11 
pp. 230-235 (1958), (2) preparation of the lithium enolate of the dihydrophenalenone, (3) reaction of the 
lithium enolate with the appropriate phosphonium iodide reagent, and (4) reaction of this product with cupric 
chloride and lithium chloride to produce the chlorinated or unchlorinated dye. 

Another useful class of fluorescent dyes are xanthene dyes. One particularly preferred class of xanthene 
dyes are rhodamine dyes. Preferred fluorescent rhodamine dyes are those represented by formula XIII- 
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^18 R 14 R 13 ^17 

30 where 

R 10 and R 11 are independently hydrogen, carboxyl, sulfonyl, alkanoyl, or alkoxycarbonyl groups; 
R 12 , R 13 , R u . and R 15 are hydrogen; 
R 16 , R 17 , R 18 , and R 19 are alkyl groups; 

and 

35 X" is an anion; or 

any one of or all of following substituent pairs: 
R 12 and R 16 , R 13 and R 17 , R u and R 18 , and 

R 15 and R 19 , complete a five or six membered ring containing nitrogen as the sole heteroatom. 

The alkyl moieties in each instance contain from 1 to 5 carbon atoms, preferably 1 to 3 carbon atoms. 
40 When substituent pairs complete a fused ring, the ring can, for example, take the form of a pyran ring when 
a single fused ring including a formula nitrogen atom is formed or a julolidene ring (including a formula 
fused benzo ring) when two fused rings each including the same nitrogen atom of the formula are formed. 
The following are illustrative of rhodamine dyes known to be useful laser dyes: 
FD-123 [9-(o-Carboxyphenyl)-6-(diethylamino)-3H-xanthen-3-ylidene]diethyl ammonium chloride 
45 [a.kTa rhodamine B] 

FD-124 N-{6-[Diethylamino]-9-[2-(ethoxycarbonyl)phenyl]-3H-xanthen-3-ylidene}-N- 

ethylethanaminium perchlorate 
FD-125 Ethyl o-[6-(Ethylamino)-3-(ethylimino)-2,7-dimethyl-3H-xanthenyl]benzoate chloride 
FD-1 26 Ethyl o-[6-(ethy lamino-3-(ethy limino)-2,7-dimethy l-3H-xanthenyl]benzoate perchlorate 
50 FD-1 27 Ethyl o-[6-(ethylamino)-3-(ethylimino)-2,7-dimethyl-3H-xanthenyl]benzoate tetrafluoroborate 
FD-1 28 o-[6-(ethylamino)-3-(ethylimino)-2,7-methyl-3H-xanthenyl]benzoic acid 
FD-1 29 o-(6-Amino-3-imino-3H-xanthenyl)benzoic acid hydrochloride 
FD-1 30 o-[6-(Methylamino)-3-methylimino)-3H-xanthen-9-yl]benzoic acid perchlorate 
FD-1 31 Methyl o-(6-amino-3'-imino-3H-xanthen-9-yl)benzoate monohydrochloride FD-1 32 8-(2,4-Dis- 
55 ulfophenyl)-2,3,5,6,11,12, 14,15-1 H,4H,1 OH, 13H-cotahydroquinolizinol[9,9a,1-bc;9,9a,1 -hi] 

xanthylium hydroxide inner salt 
FD-1 33 Sulforhodamine B 

FD-1 34 o-[6-Dimethylamino)-3-(dimethylamino)-3H-xanthen-9-yl]benzoic acid perchlorate 
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Another specifically preferred class of xanthene dyes are fluorescein dyes. Preferred fluorescein dyes 
are those represented by formula XIV: 



70 



(XIV) r11 

i » 

S./N^io 

=20 . i « 21 

15 

where 

R 10 and R 11 are as previously defined and 

R 20 and R 21 are hydrogen, alkyl, aryl, or halo substituents. Preferred alky! groups contain from 1 to 5 
optimally from 1 to 3 carbon atoms while phenyl is a preferred aryl group. 
20 An illustrative fluorescein dye is 

FD-135 9-(o-Carboxyphenyl)-6-hydroxy-3H-xanthen-3-one 

FD-136 9-(o-Carboxyphenyl)-2,7-dichloro-6-hydroxy-3H-xanthen-3-one 

Another useful group of fluorescent dyes are pyrylium, thiapyrylium, selenapyrylium, and tel- 
luropyryhum dyes. Dyes from the first three of these classes are disclosed by Light U.S Patent 3 615 414 
while dyes of the latter class are disclosed by Detty U.S. Patent 4,584,258. Since the latter two classes of 
dyes are bathochromically shifted toward the infrared the former two classes of dyes are preferred for 
achieving visible light emissions. 

Illustrative preferred fluorescent pyrylium and thiapyrylium dyes are represented by formula XV: 
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where 

R 22 is hydrogen, methyl, or a tertiary amino group, optimally a -NR 2 3R 2 3 group; 
R 23 is an alkyl group; 
45 X~ is an anion; and 
J is oxygen or sulfur. 

The alkyl group preferably contains from 1 to 5 carbon atoms and optimally from 1 to 3 carbon atoms 
Illustrative pyrylium and thiapyrylium fluorescent dyes satisfying formula XV are the following: 

FD-137 4-(4>dimethylaminophenyl)-2-(4-methoxyphenyl)-6-phenylpyrylium perchlorate 
50 FD-1 38 4,6-diphenyl-2-(4-ethoxyphenyl)thiapyrylium p-toluenesulfonate 

FD-1 39 2-(4-methoxyphenyl)-6-pheny l-4-(p-tolyl)-pyry lium tetraf luoroborate 

Another useful class of fluorescent dyes are fluorescent carbostyril dyes. These dyes are characterized 
by a 2-quinolinol or isoquinolinol ring structure, often fused with other rings. The wavelength of maximum 
fluorescence generally increases with the presence of other fused rings. Typical of simple carbostyril dyes 
55 which fluoresce in the blue portion of the spectrum, are the following: 
FD-1 40 7-Amino-4-methyl-2-quinolinol 

[a.k.a. 7-amino-4-methylcarbostyril] 
FD-1 41 7-Dimethylamino-2-hydroxy-4-methylquinoline 
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[a.k.a. 7-dimethylamino-4-methylcarbostyril] 
FD 142 3,3'-Bis[N-phenylisoquinoline] 
Examples of more complex fused ring carbostyril dyes are provided by Kadhim and Peters, "New 
Intermediates and Dyes for Synthetic Polymer Fibres Substituted Benzimidazolothioxanthenoisoquinolines 
5 for Polyester Fibres", JSDC, June 1974, pp. 199-201, and Arient et al, "Imidazole Dyes XX-Colouring 
Properties of 1,2-Napthooxylenebenzimidazole Derivatives", JSDC, June 1968, pp. 246-251. Illustrative of 
these more complex carbostyril dyes are the following: 

FD-1 43 Benzimidazo[1 ,2-b]thioxantheno[2,1 ,9,d,e,f]isoquinolin-7-one and its stereo isomer 
Benzimidazo[1 ,2-a]thioxantheno[2,1 ,9,d,e,f,]isoquinolin-7-one 
70 Among other fused ring fluorescent dyes are the perylene dyes, characterised by a dinapthylene 
nucleus. A variety of useful fluorescent perylene dyes are known, such as, for example those disclosed by 
Rademacher et al, "Soluble Perylene Fluorescent Dyes with Photostability", Chem. Ber., Vol. 115, pp. 2927- 
, 2934, 1982, and European Patent Application 553.363A1, published July 7, 1982. "One preferred perylene 
dye is illustrated by formula XVI: 

75 

(XVI) 

n/ ./ N /• *\ / S /'\ # 

<» 2 Vf II >-< >"< II f-«">3 



where 

R 24 and R 25 are independently selected from the group consisting of alkyl, halo, and haloalkyl 
25 substituents. Preferred alkyl groups having from 1 to 5 carbon atoms, optimally from 1 to 3 carbon atoms. 

Another preferred group of perylene dyes are the 3,4,9,1 0-perylenebis(dicarboximides), hereinafter 
referred to a perylenebis(dicarboximide) dyes. Preferred dyes of this class are represented by formula XVII: 
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where 

R 26 and R 27 are independently selected from the group consisting of alkyl, halo, and haloalkyl 
40 substituents. Preferred alkyl groups having from 1 to 5 carbon atoms, optimally from 1 to 3 carbon atoms. 
Illustrative of preferred perylene dyes are the following: 
FD-1 44 Perylene 

FD-1 45 1 ,2-Bis(5,6-o-phenylenenapthalene) 
FD-1 46 N,N'-diphenyl-3,4,9,1 0-perylenebis(dicarboximide) 
45 FD-1 47 N,N'-di(p-tolyl)-3,4,9,10-perylenebis(dicarboximide) 

FD-1 48 N,N'-di(2,6-di-t-butyl)-3,4,9,1 0-perylenebis(dicarboximide) 

The foregoing listing of preferred fluorescent dyes useful in combination with the host materials, though 
lengthy, is recognized to be only exemplary of known fluorescent dyes, both in the classes specifically 
identified and in still other dye classes. For example, many other classes of known fluorescent dyes, such 
50 as acridine dyes; bis(styryl)benzene dyes; pyrene dyes; oxazine dyes; and phenyleneoxide dyes, some- 
times referred to as POPOP dyes; are useful, specific illustrative dyes from these classes including the 
following: 

FD-1 49 9-Aminoacridine hydrochloride 
FD-1 50 p-Bis(o-methylstyryl)benzene 
55 FD-1 51 2,2'-p-~Phenylenebis(4-methyl-5-phenyloxazole) 
FD-1 52 5,9-Diaminobenzo[a]phenoxazonium perchlorate 
FD-1 53 5-Amino-9-diethylaminobenz[a]phenoxazonium perchlorate 
FD-1 54 3,7-Bis(diethylamino)phenoxazonium perchlorate 
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FD-1 55 3,7-Bis(ethylamino)-2,8-dimethylphenoxazin-5-ium perchlorate 

FD-1 56 9-Ethylamino-5-ethylimino-1 0-methyl-5H-benzo[a]phenoxazonium perchlorate 

FD-1 57 8-Hydroxy-1 ,3-6-pyrene-trisulfonic acid trisodium salt 

Not only are there many available classes of fluorescent dyes to choose from, there are wide choices of 
individual dye properties within any given class. The absorption maxima and reduction potentials of 
individual dyes can be varied through the choice of substituents. As the conjugation forming the 
chromophore of the dye is increased the absorption maximum of a dye can be shifted bathochromically. 

Emission maxima are bathochromic to the absorption maxima. Although the degree of bathochromic 
shifting can vary as a function of the dye class, usually the wavelength of maximum emission is from 25 to 
125 nm bathochromically shifted as compared to the wavelength of maximum absorption. Thus, dyes which 
exhibit absorption maxima in the near ultraviolet in almost all cases exhibit maximum emissions in the blue 
portion of the spectrum. Dyes which exhibit absorption maxima in the blue portion of the spectrum exhibit 
emission maxima in the green portion of the spectrum, and, similarly, dyes with absorption maxima in the 
red portion of the spectra tend to exhibit emission maxima in the near infrared portion of the spectrum. 

In one form of the invention the material forming the luminescent zone can be one uniform layer 
interposed between and contacting both the cathode and the hole injection zone of the EL device. As an 
alternative construction a separate layer containing the host material, but lacking the fluorescent material, 
can be interposed between the luminescent zone and the cathode. Although the additional interposed 
organic electron injection layer can be of any conventional form, it is preferred that both the electron 
injection layer and the layer forming the luminescent zone be present in the form of a thin film (< 1 urn in 
thickness) and most preferred that these layers have a combined thickness no greater than those 
thicknesses indicated above for the luminescent zone. 

The organic luminescent medium of the EL devices of this invention preferably contains at least two 
separate organic layers, at least one layer forming a zone for transporting electrons injected from the 
cathode and at least one layer forming a zone for transporting holes injected from the anode. The latter 
zone is in turn preferably formed of at least two layers, one, located in contact with the anode, providing a 
hole injecting zone and the remaining layer, interposed between the layer forming the hole injecting zone 
and the layer providing the electron transporting zone, providing a hole transporting zone. While the 
description which follows is directed to the preferred embodiments of organic EL devices according to this 
invention which employ at least three separate organic layers, as taught by Van Slyke et al, it is appreciated 
that either the layer forming the hole injecting zone or the layer forming the hole transporting zone can be 
omitted and the remaining layer will perform both functions. Higher initial and sustained performance levels 
of the organic EL devices of this invention are realized when the separate hole injecting and hole 
transporting layers described below are employed in combination. 

A layer containing a porphyrinic compound forms the hole injecting zone of the organic EL device. A 
porphyrinic compound is any compound, natural or synthetic, which is derived from or includes a prophyrin 
structure, including porphine itself. Any of the porphyrinic compounds disclosed by Adler U.S. Patent 
3,935,031 or Tang U.S. Patent 4,356,329, can be employed. 

Preferred porphyrinic compounds are those of structural formula (XVIII): 



(XVIII) 




i \ 2 
T T Z 



wherein 



Q is -N = or -C(R) = ; 
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M is a metal, metal oxide, or metal halide; 

R is hydrogen, alkyl, aralkyl, aryl, or alkaryl, and 

T 1 and T 2 represent hydrogen or together complete a unsaturated 6 membered ring, which can include 
substituents, such as alkyl or halogen. Preferred 6 membered rings are those formed of carbon, sulfur, and 
5 nitrogen ring atoms. Preferred alkyl moieties contain from about 1 to 6 carbon atoms while phenyl 
constitutes a preferred aryl moiety. 

In an alternative preferred form the porphyrinic compounds differ from those of structural formula (XVIII) 
by substitution of two hydrogen for the metal atom, as indicated by formula (IXX): 
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Highly preferred examples of useful porphyrinic compounds are metal free phthalocyanines and metal 
containing phthalocyanines. While the porphyrinic compounds in general and the phthalocyanines in 
particular can contain any metal, the metal preferably has a positive valence of two or higher. Exemplary 
preferred metals are cobalt, magnesium, zinc, palladium, nickel, and particularly, copper, lead, and platinum. 
30 Illustrative of useful porphyrinic compounds are the following: 
PC-1 Porphine 

PC-2 1 ,10,15,20-Tetraphenyl-21 H,23H-porphine copper (II) 

PC-3 1 ,10,15,20-Tetraphenyl-21 H,23H-porphine zinc (II) 

PC-4 5,10,1 5,20-Tetrakis(pentafluorophenyl)-21H,23H-porphine 
35 PC-5 Silicon phthalocyanine oxide 

PC-6 Aluminum phthalocyanine chloride 

PC-7 Phthalocyanine (metal free) 

PC-8 Dilithium phthalocyanine 

PC-9 Copper tetramethylphthalocyanine 
40 PC-1 0 Copper phthalocyanine 

PC-1 1 Chromium phthalocyanine fluoride 

PC-1 2 Zinc phthalocyanine 

PC-1 3 Lead phthalocyanine 

PC-1 4 Titanium phthalocyanine oxide 
45 PC-1 5 Magnesium phthalocyanine 

PC-1 6 Copper octamethylphthalocyanine 

The hole transporting layer of the organic EL device contains at least one hole transporting aromatic 
tertiary amine, where the latter is understood to be a compound containing at least one trivalent nitrogen 
atom that is bonded only to carbon atoms, at least one of which is a member of an aromatic ring. In one 
so form the aromatic tertiary amine can be an arylamine, such as a monoarylamine, diarylamine, triarylamine, 
or a polymeric arylamine. Exemplary monomeric triarylamines are illustrated by Klupfel et al U.S. Patent 
3,180,730. Other suitable triarylamines substituted with vinyl or vinylene radicals and/or containing at least 
one active hydrogen containing group are disclosed by Brantley et al U.S. Patents 3,567,450 and 3,658,520. 
A preferred class of aromatic tertiary amines are those which include at least two aromatic tertiary 
55 amine moieties. Such compounds include those represented by structural formula (XX): 
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<V 2 

5 

wherein 

Q 1 and Q 2 are independently aromatic tertiary amine moieties and 

G is a linking group such an arylene, cycloalkylene, or alkylene group or a carbon to carbon bond. 
A particularly preferred class of class of triarylamines satisfying structural formula (XX) and containing 
10 two triarylamine moieties are those satisfying structural formula (XXI): 

(XXI) R 24 

R 2 * C - R 25 

20 where 

R 2 * and R 25 each independently represents a hydrogen atom, an aryl group, or an alkyl group or R 24 
and R 2S together represent the atoms completing a cycloalkyl group and 

R 26 and R 27 each independently represents an aryl group which is in turn substituted with a diaryl 
substituted amino group, as indicated by structural formula (XXII): 
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wherein R 28 and R 29 are independently selected aryl groups. 

Another preferred class of aromatic tertiary amines are tetraaryldiamines. Preferred tetraary (diamines 

include two diarylamino groups, such as indicated by formula (XXII), linked through an arylene group. 
35 Preferred tetraaryldiamines include those represented by formula (XXIII). 

30 



(XXIII) p 30 0 31 

32 



wherein 

Are is an arylene group, 
45 n is an integer of from 1 to 4, and 

Ar, R 30 , R 31 , and R 32 are independently selected aryl groups. 

The various alkyl, alkylene, aryl, and arylene moieties of the foregoing structural formulae (XX), (XXI), 
(XXII), and (XXIII) can each in turn be substituted. Typical substituents including alkyl groups, alkoxy 
groups, aryl groups, aryloxy groups, and halogen such as fluoride, chloride, and bromide. The various alkyl 
and alkylene moieites typically contain from about 1 to 6 carbon atoms. The cycloalkyl moieties can contain 
from 3 to about 10 carbon atoms, but typically contain five, six, or seven ring carbon atoms-e.g., 
cyclopentyl, cyclohexyl, and cycloheptyl ring structures. The aryl and arylene moieties are preferably 
phenyl and phenylene moieties. 

While the entire hole transporting layer of the organic electroluminesce medium can be formed of a 
single aromatic tertiary amine, it is a further recognition of this invention that increased stability can be 
realized by employing a combination of aromatic tertiary amines. Specifically, as demonstrated in the 
examples below, it has been observed that employing a triarylamine, such as a triarylamine satisfying 
formula (XXI), in combination with a tetraaryldiamine, such as indicated by formula (XXIII), can be 
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advantageous. When a triarylamine is employed in combination with a tetraary Id tannine, the latter is 
positioned as a layer interposed between the triarylamine and the electron injecting and transporting layer. 

Representative useful aromatic tertiary amines are disclosed by Berwick et al U.S. Patent 4,175,960 and 
Van Slyke et al U.S. Patent 4,539,507. Berwick et al in addition discloses as useful hole transporting 
5 compounds N substituted carbazoles, which can be viewed as ring bridged variants of the diaryl and 
triarylamines disclosed above. 

Illustrative of useful aromatic tertiary amines are the following: 
ATA-1 1 ,1 -Bis(4-di-p-tolylaminophenyl)cyclohexane 
ATA-2 1 ,1 -Bis(4-di-p-toiylaminophenyl)-4-phenylcyclohexane 
70 ATA-3 4 > 4'-Bis(diphenylamino)quadriphenyl 

ATA-4 Bis(4-dimethylamino-2-methylphenyl)phenylmethane 
ATA-5 N,N,N-Tri(p-tolyl)amine 

ATA-6 4-(di-p-tolylamino)-4'-[4(di-p-tolylamino)styryl]stilbene 
ATA-7 N,N,W,N'-Tetra-p-tolyl-4,4'^iaminobiphenyl 
75 ATA-8 N,N,N\N'-Tetraphenyl-4,4'-diaminobiphenyl 
ATA-9 N-Phenylcarbazole 
ATA-1 0 Poly(N-vinylcarbazole) 

Any conventional electron injecting and transporting compound or compounds can be employed in 
forming the layer of the organic luminescent medium adjacent the cathode. This layer can be formed by 

20 historically taught luminescent materials, such as anthracene, naphthalene, phenanthrene, pyrene, chrysene, 
and perylene and other fused ring luminescent materials containing up to about 8 fused rings as illustrated 
by Gurnee et al U.S. Patent 3,172,862, Gurnee U.S. Patent 3,173,050, Dresner, "Double Injection Elec- 
troluminescence in Anthracene", RCA Review , Vol. 30, pp. 322-334, 1969, and Dresner U.S. Patent 
3,710,167, cited above. Although such fused ring luminescent materials do not lend themselves to forming 

25 thin (<1 urn) films and therefore do not lend themselves to achieving the highest attainable EL device 
performance levels, organic EL devices incorporating such luminescent materials when constructed accord- 
ing to the invention show improvements in performance and stability over otherwise comparable prior art EL 
devices. 

In the organic EL devices of the invention it is possible to maintain a current density compatible with 

30 efficient light emission while employing a relatively low voltage across the electrodes by limiting the total 
thickness of the organic luminescent medium to less than 1 urn (10,000 Angstroms). At a thickness of less 
than 1 urn an applied voltage of 20 volts results in a field potential of greater than 2 X 10 5 volts/cm, which 
is compatible with efficient light emission. An order of magnitude reduction (to 0.1 urn or 1000 Angstroms) 
in thickness of the organic luminescent medium, allowing further reductions in applied voltage and/or 

35 increase in the field potential and hence current density, are well within device construction capabilities. 

One function which- the organic luminescent medium performs is to provide a dielectric barrier to 
prevent shorting of the electrodes on electrical biasing of the EL device. Even a single pin hole extending 
through the organic luminescent medium will allow shorting to occur. Unlike conventional EL devices 
employing a single highly crystalline luminescent material, such as anthracene, for example, the EL devices 

40 of this invention are capable of fabrication at very low overall organic luminescent medium thicknesses 
without shorting. One reason is that the presence of three superimposed layers greatly reduces the chance 
of pin holes in the layers being aligned to provide a continuous conduction path between the electrodes. 
This in itself permits one or even two of the layers of the organic luminescent medium to be formed of 
materials which are not ideally suited for film formation on coating while still achieving acceptable EL device 

45 performance and reliability. 

The preferred materials for forming the organic luminescent medium are each capable of fabrication in 
the form of a thin film-that is, capable of being fabricated as a continuous layer having a thickness of less 
than 0.5 urn or 5000 Angstroms. 

When one or more of the layers of the organic luminescent medium are solvent coated, a film forming 

so polymeric binder can be conveniently codeposited with the active material to assure a continuous layer free 
of structural defects, such as pin holes. If employed, a binder must, of course, itself exhibit a high dielectric 
strength, preferably at least about 2 X 10 6 volt/cm. Suitable polymers can be chosen from a wide variety of 
known solvent cast addition and condensation polymers. Illustrative of suitable addition polymers are 
polymers and copolymers (including terpolymers) of styrene, t-butylstyrene, N-vinyl carbazole, vinyltoluene, 

55 methyl methacrylate, methyl acrylate, acrylonitrile, and vinyl acetate. Illustrative of suitable condensation 
polymers are polyesters, polycarbonates, polyimides, and polysulfones. To avoid unnecessary dilution of 
the active material, binders are preferably limited to less than 50 percent by weight, based on the total 
weight of the material forming the layer. 
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emtted light are desirable device outputs, both translucent and transparent o substanS - t ansoTren 
maters are useful, In most instances the light transmissive layers or e'.emen ts of the ^clTEE 

one Z^TZaJ ^ ***** * n ° m3rkedly *»o5S of ifgh in 

one waveleng h range as compared to another. However, it is, of course, recognized that the linht 

I! 0 ' 6 SUPPOftS ° r su P erim P° sed «'™ or elements can be "aNoid in £ X 

rii^r^n h properties to act as emission trimming filters, if desired. Such an electrode const J Son is 
eec rnL; ,0r h eXamp,e '. by F,emi " 9 U S - Pa,ent 4 ' 035£ *®- The light transmissive conductive te^s of the 
elect odes where fabncated of thicknesses approximating the wavelengths or muliptes of The lioM 
wavelengths received can act as interference filters multiples of the l.ght 

^rouTZ" llTll^T^ f ° rm the ° r9anic EL devices of this invention emit light 

rlnZV , , 6r than ,he an0de - Tnis relieves the anode °< any requirement that it be lioh 

be foTed e, nf a 7 , faC,> Pref6rab,y ° PaqUe t0 ' i9ht in this form of the Opaque ^anodes can 

be formed of any metal , or combination of metals having a suitably high work function fo an ^ 
construction. Preferred anode metals have a work function of greater than 4 electron vote teV SuTlt 

TTie ornflni° Fl H m6ta ' ° n 3 SUPP ° n ° f 35 3 S6 P arate ™* a ' »°« °' Sheet. 

hinh ^ u 9 ^ , 63 ° f th ' S inVenti0n Can empl °y 3 cathode constructed of any metal includinq anv 
h.gh or low work funct.on metal, heretofore taught to be useful for this purpose. Unexpec el Sn 
performance, and stability advantages have been realized by forming the cathode of Snation o 'a Z 

Sin ^r - - and 31 16381 ° ne ° th6r meta '- A ' 0W WOrk ,unc « 0f1 ™ tal is he e'nTfined as a mS 
vo.tZ J H n f Ct,0n , ° f l6SS than 4 6V - Genera " y the ,ower the WOfk 'action of the mS th TiolerZ 

SsTwT^ncto: m 2° n inje t Cti ° n int ° ° r9aniC ' UmineSCent medium - H — ■ aTka mSs he 
rZTr Z T • are to ° reaCtive t0 acnieve stable EL devi ce performance with simple device 

and are exciuded <apart frcm - urity ^ CM zirz 

oerin^f nf b ', e hl° p TH? " me,a ' Ch ° iC6S f ° r ,he C3,n0de < 0,her than a,kali ™tals) are listed below by 
penods of the Periodic Table of Elements and categorized into 0.5 eV work function groups aTwoX 
functions provided are taken Sze. Physics of Semiconductor Devices. Wiley, N Y 1969 p §66 
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Period 
2 
3 
4 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Element 

Beryllium 

Magnesium 

Calcium 

Scandium 

Titanium 

Manganese 

Gallium 

Strontium 

Yttrium 

Indium 

Barium 

Lanthanum 

Cerium 

Praseodymium 

Neodymium 

Promethium 

Samarium 

Europium 

Gadolinium 

Terbium 

Dysprosium 

Holmium 

Erbium 

Thulium 

Ytterbium 

Lutetium 

Hafnium 

Radium 

Actinium 

Thorium 

Uranium 



Work Function 
By eV Group 
3,5 - 4.0 
3*5 - 4.0 
2.5 - 3-0 
3.0 - 3.5 
3.5 - 4.0 
3.5 - 4.0 
3.5 - 4.0 
2.0 - 2.5 
3.0 - 3.5 
3.5 - 4.0 

-2.5 
3.0 - 3.5 
2.5 - 3.0 
2.5 - 3.0 
3.0 - 3.5 
3.0 - 3.5 
3.0 - 3.5 
2.5 - 3.0 
3.0 - 3.5 
3.0 - 3.5 
3.0 - 3.5 
3.0 - 3.5 
3.0 - 3.5 
3.0 - 3.5 
2.5 - 3.0 
3.0 - 3.5 

-3.5 
3.0 - 3.5 
2.5 - 3.0 
3.0 - 3.5 
3.0-3.5 



From the foregoing listing it is apparent that the available low work function metals for the most part 
belong to the Group lla or alkaline earth group of metals, the Group III group of metals (including the rare 
earth metals-i.e. yttrium and the lanthanides, but excluding boron and aluminum), and the actinide groups of 
metals. The alkaline earth metals, owing to their ready availability, low cost, ease of handling, and minimal 
adverse environmental impact potential, constitute a preferred class of low work function metals for use in 
the cathodes of EL devices of this invention. Magnesium and calcium are particularly preferred. Though 
significantly more expensive, the included Group III metals, particularly the rare earth metals, possess 
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similar advantages and are specifically contemplated as preferred low work function metals. The low work 

mSr^SJ 8 ^ 9 Z°! W fUnCti ° nS in the ran9e ° f ,r ° m 3 0 t0 4 0 eV are generally more stable than 
metals exhibiting lower work functions and are therefore generally preferred 

«aMhT£2 indU f d ^ COnstructlon of the cathode has as one primary purpose to increase the 

TiZ^^F H° Per ? ? na,) ° f ^ Cath0de " " Can be Ch ° Sen fr0m amon 9 a ny metal other than 
mJ??f TT K The u second metal can ltself be a low work function metal and thus be chosen from the 
TnlVT a ^ 0Ve K| hav ; n 9 a work function of ^ ^an 4 eV, with the same preferences above discussed 
being fully applicable. To the extent that the second metal exhibits a low work function it can, of course 
supplement the first metal in facilitating electron injection. 

arJ^^^'J^^T^^ ^ Ch ° Sen fr ° m any ° f the various meta,s havin 9 a work function 
Z^rZ ri *'» ? mC,UdeS the 6,ementS m ° re reSiStant t0 oxidatlon and therefor * more commonly 

fabricated as metallic elements. To the extent the second metal remains invariant in the organic EL device 
as fabricated, it contributes to the stability of the device. 

nPrinnf^H W ° rk J unction < 4 eV or 9 reater > choices for the cathode are listed below by 

periods of the Periodic Table of Elements and categorized into 0.5 eV work function groups 



20 



25 



30 



35 



40 



45 



50 



55 



34 



EP 0 281 381 B1 



Period 
2 

3 
4 



Element 

Boron 

Carbon 

Aluminum 

Vanadium 

Chromium 

Iron 

Cobalt 

Nickel 

Copper 

Zinc 

Germanium 

Arsenic 

Selenium 

Molybdenum 

Technetium 

Ruthenium 

Rhodium 

Palladium 

Silver 

Cadmium 

Tin 

Antimony 

Tellurium 

Tantalum 

Tungsten 

Rhenium 

Osmium 



Work Function 
Bv eV Group 

-4.5 
4.5 - 5.0 
4.0 - 4.5 
4.0 - 4.5 
4.5 - 5.0 
4.0 - 4.5 
4.0 - 4.5 

-4.5 
4.0 - 4.5 
4.0 - 4.5 
4.5 - 5.0 
5.0 - 5.5 
4.5 - 5.0 
4.0 - 4.5 
4.0 - 4.5 
4.5 - 5.0 
4.5 - 5.0 
4.5 - 5.0 
4.0 - 4.5 
4.0 - 4.5 
4.0 - 4.5 
4.0 - 4.5 
4.5 - 5.0 
4.0 - 4.5 

-4.5 

-5.0 
4.5 - 5.0 



Iridium 

Platinum 

Gold 

Mercury 

Lead 

Bismuth 

Polonium 



5.5 - 6.0 
5.5 - 6.0 
4.5 - 5.0 

-4.5 

-4.0 
4.0 - 4.5 
4.5 - 5.0 
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From the foregoing listing of available metals having a work function of 4 eV or greater attractive higher 
work function metals for the most part are accounted for aluminum, the Group lb metals (copper, silver and 
gold), the metals in Groups IV, V, and VI, and the Group VIII transition metals, particularly the noble metals 
from this group. Aluminum, copper, silver, gold, tin, lead, bismuth, tellurium, and antimony are particularly 
preferred higher work function second metals for incorporation in the cathode. 

There are several reasons for not restricting the choice of the second metal based on either its work 
function or oxidative stability. The second metal is only a minor component of the cathode. One of its 
primary functions is to stabilize the first, low work function metal, and, surprisingly, it accomplishes this 
objective independent of its own work function and susceptibility to oxidation. 

A second valuable function which the second metal performs is to reduce the sheet resistance of the 
cathode as a function of the thickness of the cathode. Since acceptably low sheet resistance levels (less 
than 100 ohms per square) can be realized at low cathode thicknesses (less than 250 Angstroms), cathodes 
can be formed which exhibit high levels of light transmission. This permits highly stable, thin, transparent 
cathodes of acceptably low resistance levels and high electron injecting efficiencies to be achieved for the 
first time. This in turn permits (but does not require) the organic EL devices of this invention to be 
constructed with light transmissive cathodes and frees the organic EL devices of any necessity of having a 
light transmissive anode to achieve light emission through an electrode area. 

A third valuable function which the second metal has been observed to perform is to facilitate vacuum 
vapor deposition of a first metal onto the organic luminescent medium of the EL device. In vapor deposition 
less metal is deposited on the walls of the vacuum chamber and more metal is deposited on the organic 
luminescent medium when a second metal is also deposited. The efficacy of the second metal in stabilizing 
organic EL device, reducing the sheet resistance of thin cathodes, and in improving acceptance of the first 
metal by the organic luminescence medium is demonstrated by the examples below. 

Only a very small proportion of a second metal need be present to achieve these advantages. Only 
about 0.1 percent of the total metal atoms of the cathode need be accounted for by the second metal to 
achieve a substantial improvement. Where the second metal is itself a low work function metal, both the first 
and second metals are low work function metals, and it is immaterial which is regarded as the first metal 
and which is regarded as the second metal. For example, the cathode composition can range from about 
0.1 percent of the metal atoms of the cathode being accounted for by one low work function metal to about 
0.1 percent of the total metal atoms being accounted for by a second low work function metal. Preferably 
one of the two metals account for at least 1 percent and optimally at least 2 percent of the total metal 
present. 

When the second metal is a relatively higher (at least 4.0 eV) work function metal, the low work function 
metal preferably accounts for greater than 50 percent of the total atoms of the cathode. This is to avoid 
reduction in electron injection efficiency by the cathode, but it is also predicated on the observation that the 
benefits of adding a second metal are essentially realized when the second metal accounts for less than 20 
percent of the total metal atoms of the cathode. 

Although the foregoing discussion has been in terms of a binary combination of metals forming the 
cathode, it is, of course, appreciated that combinations of three, four, or even higher numbers of metals are 
possible and can be employed, if desired. The proportions of the first metal noted above can be accounted 
for by any convenient combination of low work function metals and the proportions of the second metal can 
be accounted for any combination of high and/or low work function metals. 

While the second metal or metals can be relied upon to enhance electrical conductivity, their minor 
proportion of the total cathode metal renders it unnecessary that these metals be present in an electrically 
conducting form. The second metal or metals can be present as compounds (e.g., lead, tin, or antimony 
telluride) or in an oxidized form, such as in the form of one or more metal oxides or salts. Since the first, 
low work function metal or metals account for the major proportion of the cathode metal content and are 
relied upon for electron conduction, they are preferably employed in their elemental form, although some 
oxidation may occur on aging. 

In depositing the first metal alone onto a substrate or onto the organic luminescent medium, whether 
from solution or, preferably, from the vapor phase, initial, spatially separated deposits of the first metal form 
nuclei for subsequent deposition. Subsequent deposition leads to the growth of these nuclei into micro- 
crystals. The result is an uneven and random distribution of microcrystals, leading to a non-uniform cathode. 
By presenting a second metal during at least one of the nucleation and growth stages and, preferably, both, 
the high degree of symmetry which a single element affords is reduced. Since no two substances from 
crystal cells of exactly the same habit and size, any second metal reduces the degree of symmetry and at 
least to some extent acts to retard microcrystal growth. Where the first and second metals have distinctive 
crystal habits, spatial symmetry is further reduced and microcrystal growth is further retarded. Retarding 
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microcrystal growth favors the formation of additional nucleation sites. In this way the number of deposition 
sites is increased and a more uniform coating is achieved. 

Depending upon the specific choice of metals, the second metal, where more compatible with the 
substrate, can produce a disproportionate number of the nucleation sites, with the first metal then depositing 
s at these nucelation sites. Such a mechanism may, if fact, account for the observation that, with a second 
metal present, the efficiency with which the first metal is accepted by a substrate is significantly enhanced. 
It has been observed, for example, that less deposition of the first metal occurs on vacuum chamber walls 
when a second metal is being codeposited. 

The first and second metals of the cathode are intimately intermingled, being codeposited. That is, the 
10 deposition of neither the first nor second metals is completed before at least a portion of the remaining 
metal is deposited. Simultaneous deposition of the first and second metals is generally preferred. 
Alternatively, successive incremental depositions of the first and second metals can be undertaken, which at 
their limit may approximate concurrent deposition. 

While not required, the cathode, once formed can be given post treatments. For example, the cathode 
75 may be heated within the stability limits of the substrate in a reducing atmosphere. Other action on the 
cathode can be undertaken as a conventionally attendant feature of lead bonding or device encapsulation. 

Examples 

20 The invention and its advantages are further illustrated by the specific examples which follow. The term 
"atomic percent" indicates the percentage of a particular metal present, based on the total number of metal 
atoms present. In other words, it is analogous to mole percent, but is based on atoms rather than 
molecules. The term "cell" as employed in the examples denotes an organic EL device. 

25 Examples 1-6 Hue Modification 

An EL device containing an organic luminescent medium satisfying the requirements of the invention 
was constructed in the following manner: 

a) A transparent anode of indium tin oxide coated glass was polished with 0.05 urn alumina abrasive for 
30 a few minutes, followed by ultrasonic cleaning in a 1 :1 (volume) mixture of isopropyl alcohol and distilled 

water. It was rinsed with isopropyl alcohol and then immersed in toluene vapor for about 5 minutes. 

b) A hole injecting and transporting ATA-1 0,075 urn (750 k) layer was then deposited on the anode. 
ATA-1 was evaporated from a quartz boat using a tungsten filament. 

c) An electron injecting and transporting layer 0,075 urn (750 A) forming the luminescent zone was then 
35 deposited on top of the ATA-1 layer. HM-1 was employed as a host material and was evaporated from a 

quartz boat. The fluorescent material to be incorporated in the luminescent zone as a dopant was 
concurrently evaporated from a separate quartz boat. In one instance no fluorescent material was 
incorporated. Tungsten filaments were employed for both evaporations. 

d) On top of the luminescent zone was deposited a 0,2 urn (2000 A) cathode formed of a 10:1 atomic 
40 ratio of Mg and Ag. 

The shift in hue of light emitted by the organic EL device attributable to the presence of differing 
fluorescent materials is summarized below in Table I. The power conversion of the organic EL device 
(hereinafter also referred to simply as efficiency) was measured as the ratio of the power of the light emitted 
to the electrical power supplied, measured at a light output level of 0.05 mW/cm 2 . The relative efficiency 
45 was determined by dividing the efficiency of the EL device being examined by the efficiency of the 
corresponding EL device lacking a dopant. 
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Table I 

EL Cone. Rel. Power 





Device 


Dopant 


Mole I 


Conv. Eff. 


Hue 


5 


Control 


None 


0 


1 


Green 




Ex. 1 


FD-27 


3xl0 _1 


1.5 


Orange 




Ex. 2 


FD-28 


1.6xl0 _1 


2 


Red-orange 


10 


Ex. 3 


FD-29 


0.5xl0 -1 


0.5 


Red— orange 




Ex. 4 


FD-30 


2x1 0 _1 


0.8 


Red— orange 




Ex. 5 


FD-31 


6xl0 -1 


0.6 


Red— orange 


15 


Ex. 6 


FD-119 


0.3X10 -1 


0.9 


Orange— green 



From Table I it is apparent that in all instances the presence of the fluorescent dye as a dopant shifted 
light emission to longer wavelengths. By comparing spectra of emitted light with and without FD-28 present 
it was determined that the peak emission was shifted from about 540 nm to 610 nm by the addition of the 
20 fluorescent dye. The presence of FD-27 and FD-28 had the further beneficial effect of markedly increasing 
the power conversion efficiencies of the organic EL devices. The control EL device has an absolute 
efficiency of 5 x 10~ 3 W/W. 

Examples 7-13 Hue as a Function of Concentration 

25 

A series of organic EL devices were prepared as described in Examples 1 through 6, using FD-31 at 
differing concentration levels. The results are summarized in Table II. 



30 



40 



Table II 

Cone. Mole X Rel. Eff. (W/W) 



Emission Xmax 



0 


1.0 


535 


2.2xl0~ 2 


0.9 


648 


6.2X10 -2 


0.4 


640 


l.lxlO -1 


0.8 


645 


3.2X10 -1 


0.35 


666 


4.5xl0 -1 


0.27 


665 


4.4 


0.14 


690 



From Table II it is apparent that the peak wavelength of emission was shifted over the range of 155 nm. 
45 Output efficiencies declined somewhat as the level of fluorescent material was increased. However, output 
efficiencies measured at 690 nm were actually enhanced as compared to that of the EL devices containing 
the undoped HM-1. 
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Example 14 Stability 

An EL device containing an organic luminescent medium satisfying the requirements of the invention 
was constructed in the following manner: 

a) A transparent anode of indium tin oxide coated glass was polished with 0.05 um alumina abrasive for 
a few minutes, followed by ultrasonic cleaning in a 1:1 (volume) mixture of isopropyl alcohol and distilled 
water. It was rinsed with isopropyl alcohol and then immersed in toluene vapor for about 5 minutes. 

b) A hole injecting PC-10 0,03 um (300 A) was deposited on the anode by vacuum vapor deposition. 
PC-10 was evaporated from a quartz boat using a tungsten filament. 

c) A hole transporting ATA-1 0,035 um (350 A) layer was then deposited on the hole injecting layer. 
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ATA-1 was evaporated from a quartz boat using a tungsten filament. 

d) An electron injecting and transporting layer 0,075 urn (750 A) forming the luminescent zone was then 
deposited on top of the ATA-1 layer. HM-1 was employed as a host material and was evaporated from a 
quartz boat. FD-28 was incorporated in the luminescent zone as a dopant as a concentration of 2 mole 

5 percent, based on HM-1, by concurrently evaporation from a separate quartz boat. Tungsten filaments 
were employed for both evaporations. 

e) On top of the luminescent zone was deposited a 0,2 urn (2000 A) cathode formed of a 10:1 atomic 
ratio of Mg and Ag. 

The cell was run at a constant current of 20 mA/cm 2 in a dry argon atmosphere. The initial light output 
w was 0.45 mW/cm 2 . After continuous operation for 500 hours the light output was 0.15 mW/cm 2 . 

When a cell was constructed and operated as described above, but with FD-28 omitted, the light output 
of the cell dropped below 0.15 mW/cm 2 after only 250 hours of operation. 

Examples 1 5-28 Reduction of Potentials and Bandgaps 

75 — ~ " " 

A series of EL devices were constructed as described in Example 14, but with differing fluorescent dyes 
present. The reduction potentials and bandgaps of the fluorescent dyes successfully employed and the host 
material HM-1 are compared in Table III. 



20 

Table III 





Material 


E— red volts 


Bandeap ev 


Rel. Eff. 




HM-1 


-1.79 


2.81 


1.0 


25 


FD— 4 


-1.46 


2.5 


2.0 




FD-5 


-1.58 


2.58 


2.0 




FD-7 


-1.77 


2.75 


0.8 


30 


FD-15 


-1.69 


2.63 


1.0 




FD-19 


-1.68 


2.64 






FD-20 


-1.51 


2.61 


1.4 


35 


FI>-21 


-1.46 


2.63 


1.0 




FD-22 


-1.75 


2.69 


0.8 




FD-25 


-1.38 


2.63 






FD-26 


-1.66 


2.72 




40 


FD-27 


-1.32 


2.17 


1.5 




FD-28 


-1 . 34 


2.01 


2.0 




FD-119 


-1.39 


2 


0.9 



(W/W) 



45 

In every instance the EL device containing the fluorescent dye as a dopant to the HM-1 layer exhibited 
a visually detactable shift in hue. The following dyes also produced improvements in efficiency: FD-4, FD-5, 
FD-15, FD-20, FD-27, and FD-28. 

When fluorescent dyes were substituted exhibiting either a more negative reduction potential than host 
50 material HM-1 or a larger bandgap potential, no useful result attributable to the presence of the fluorescent 
dye was observed. 

APPENDIX I 

55 Preparation of Fluorescent Compound FD-114 

n-Butyllithium (7 mmole in 3.5 ml of hexane) was slowly added to a well-stirred, cold (-70 ° C) solution of 
diisopropylamine (1 ml, 7.2 mmole) in dry tetrahydrofuran under argon atmosphere. After stirring for five 
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minutes, a solution of 1.5 g, 7.0 mmole of 6-methoxydihydrophenalenone in 20 ml of tetrahydrofuran was 
slowly added. 

The resulting dark-colored solution was stirred at -70 °C for 1.5 hours. The solution was then transferred 
using a syringe, to a round-bottomed flask containing 5 g (10 mmole) of (2-ethoxy-1 ,3-pentadienyI)- 

5 triphenylphosphonium iodide prepared according to the procedure described by Martin et al in J Org. 
Chem. 43, pp. 4673-4676 (1978). The resulting suspension was stirred at room temperature for 1 hour and 
refluxed for 3 hours. All of the steps were carried out under argon and the exclusion of moisture. 

The suspension was then cooled to room temperature, 50 ml of 1 normal hydrochloric acid added and 
stirred vigorously for 1 hour. Then 50 ml of ether were added and the layers separated. Three additional 

io ether extractions were combined with the first and the ether solution was washed in turn with saturated 
sodium bicarbonate solution, water, and saturated sodium chloride solution. The ether solution was dried 
and the solvent evaporated to yield about 3 g of solid residue. The residue was purified via flash 
chromatography on silica gel using a 10:45:45 ethyl acetate, dichloromethane, cyclohexane mixture as the 
eluent. The desired product was seen as an orange band when illuminated with a long wavelength (355 nm) 

75 ultraviolet lamp. The bands containing the orange fluorescent dye were combined, the solvents evaporated 
yielding 860 mg (44% yield) of 4-methoxy-8-methyl-10-oxo-7,8,9,10-tetrahydrobenzo[d,e]-anthracene having 
a m.p. of 135-136° C and m/e of 278(M*). The calculated analysis for Ci 9 Hi 8 0was C, 82.0, H, 6.2 with the 
found of C, 81 .7, H, 6.3. 

A solution of 530 mg (1.9 mmole) of the compound identified above, in N,N-dimethylformamide (15 ml), 
20 was slowly added to a solution of 700 mg (4.1 mmole) of cupric chloride hydrate and 200 mg (4.7 mmole) 
of lithium chloride in N,N-dimethylformamide (30 ml) heated to 90 °C. The resulting mixture was stirred for 
70 minutes. Ice was added to the mixture and the resulting brown solid was separated and washed several 
times with cold water, yielding 397 mg (80% yield) of Dye 1. This product was shown to be pure by thin 
layer chromatography on silica gel, but was recrystallized from ethyl acetate-ethanol to give a material with 
25 a m.p. of 289-295 Q C, and m/e of 260(M*). The structure of the dye was confirmed by the analysis of its N- 
phenyl-N-methylcarbamate derivative. The calculated analysis for C 2 6Hi 9 -N0 3 was C, 79.4, H, 4.9, N, 3.6 
and found was C, 79.2, H, 5.1, N, 3.8. 

Preparation of Fluorescent Dye FD-116 
30 ~ 

Cupric chloride dihydrate (2.45 g, 14.4 mmole) and lithium chloride (1.0 g, 22.7 mmole) were 
suspended in 20 ml of N,N-dimethylformamide (DMF) heated to 90 °C. To this hot mixture was added a 
solution of 650 mg, (2.34 mmole) of the methoxy ketone intermediate of Example 1 dissolved in 10 ml of 
DMF. The mixture was kept at 90 'C for 24 hours and then quenched by adding ice and water. The 
35 resulting precipitate was washed several times with water and dried. It was purified by triturating with 10% 
methanol in 1:1 ethyl acetate/dichloro methane, yielding 300 mg (44%) of Dye 3. The product from the 
trituration step is pure enough for the intended applications. It can be further purified by flash chromatog- 
raphy on silica gel using 20% ethyl acetate in a 1:1 dichloromethane/cyclohexane mixture as eluent, 
yielding material with m.p. of 238-240 *C. The structure of Dye 3 was confirmed by the elemental analysis 
40 of both its methyl ether and its N-phenyl-N-methylcarbamate derivatives. 

Analysis for methyl ether derivative C19-H13CIO2: Calcd: C, 73.9, H, 4.2. Found: C, 74.0, H, 4.1. 

Analysis for carbamate derivative C 2 6Hi8-CIN0 3 :Calcd: C, 73.0, H, 4.2, N, 3.3. Found: C, 72.8, H, 4.1, 
N, 3.1. 

45 Preparation of Fluorescent Dye FD-118 

N-phenyl-N-methylcarbamoyl chloride (1.2 equivalents) was added to a mixture of 1.2 equivalents each 
of pyridine and Dye 3 of Example 2 in toluene as solvent and the mixture heated to reflux for 12 hours. The 
toluene solution was cooled, washed with dilute hydrochloric acid, then water, and finally brine. The organic 
50 phase was separated and the solvent evaporated. The residue was purified by flash chromatography on 
silica gel using 20% ethyl acetate in 1:1 dichloromethane/cyclohexane as the eluent. Dye 5 has m.p. of 233- 
235 °C and the elemental analysis given for the carbamate in Example 2. 

Preparation of Fluorescent Dye FD-119 

55 

The methoxy ketone intermediate of Example 1 (400 mg, 1.4 mmole) dissolved in a small amount of 
dichloromethane was added to 5 ml, 59.8 mmole of pyrrolidine in 100 ml of anhydrous methanol and the 
mixture refluxed for four days with stirring. The mixture was cooled and the solvents evaporated under 
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ced pressure. The residue was purified by flash chromatography on silica gel using 1:1 
loromethane/cyclohexane containing ethyl acetate ranging from 0% at the start to 50% at the end of the 
tion. The appropriate fractions were combined and the solvents evaporated. The residue was triturated 
ethyl acetate and filtered, giving Dye 6 in 44% yield, with m.p. of 244-246* C, m/e 313 of (M*). 



An electroluminescent device comprising in sequence, an anode, an organic hole injecting and 
transporting zone, a luminescent zone, and a cathode, 
characterized in that 

said luminescent zone is formed by a thin film of less than 1 urn in thickness comprised of 

an organic host material capable of sustaining both hole and electron injection and 

a fluorescent material capable of emitting light in response to hole-electron recombination. 

An electroluminescent device according to claim 1 further characterized in that said fluorescent material 
is chosen to provide favored sites for light emission. 

An electroluminescent device according to claim 1 or 2 further characterized in that said fluorescent 
material is located in a layer containing said organic host material lying in contact with said organic 
hole injecting zone. 

An electroluminescent device according to any one of claims 1 to 3 further characterized in that said 
cathode is comprised of a metal, other than an alkali metal, having a work function of less than 4 eV. 

An electroluminescent device according to any one of claims 1 to 4 further characterized in that said 

organic hole injecting and transporting zone is comprised of 

a layer in contact with said anode containing a hole injecting porphyrinic compound and 

a layer containing a hole transporting aromatic tertiary amine interposed between said hole 

injecting layer and said luminescent zone. 

An electroluminescent device according to any one of claims 1 to 5 further characterized in that said 
fluorescent material has a bandgap no greater than that of said host material and a reduction potential 
less negative than that of said host material. 

An electroluminescent device according to any one of claims 1 to 6 further characterized in that said 
fluorescent material is a dye. 

An electroluminescent device according to claim 7 further characterized in that said dye is chosen from 
the class consisting of coumarin, dicyanomethylenepyrans and thiopyrans, polymethine, oxobenzanth- 
racene, xanthene, pyrylium and thiapyrylium, carbostyril, and perylene fluorescent dyes. 

An electroluminescent device according to claim 8 further characterized in that said fluorescent dye is a 
coumarin dye of the formula: 



R 1 is chosen from the group consisting of hydrogen, carboxy, alkanoyl, alkoxycarbonyl, cyano, aryl, 
and a heterocyclic aromatic group, 

R 2 is chosen from the group consisting of hydrogen, alkyl, haloalkyl, carboxy, alkanoyl, and 
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alkoxycarbonyl, 

R 3 is chosen from the group consisting of hydrogen and alkyl, 
R 4 is an amino group, and 
R 5 is hydrogen, or 

R 1 and R 2 together form a fused carbocyclic ring, or 

the amino group forming R 4 independently completes with at least one of R 3 and R 5 a fused ring. 

10. An electroluminescent device according to claim 8 further characterized in that said fluorescent dye is a 
dye of the formula: 



X represents oxygen or sulfur; 

R 6 represents a 2-(4-aminostyryl) group; and 

R 7 represents a second R 6 group, an alkyl group, or a phenyl group. 

11. An electroluminescent device according to any one of claims 1 to 10 further characterized in that said 
host material is capable of emitting light of a first wavelength in the absence of said fluorescent material 
and said fluorescent materia! is capable of absorbing light at the first wavelength. 

12. An electroluminescent device according to any one of claims 1 to 11 further characterized in that said 
cathode is comprised of a metal, other than an alkali metal, having a work function of less than 4 eV 
and is light transmissive. 

13. An electroluminescent device according to claim 12 further characterized in that said cathode is formed 
of a combination of metals, other than alkali metals, having a work function of less than 4 eV. 

14. An electroluminescent device according to claim 12 further characterized in that said cathode addition- 
ally includes less than 50 atomic percent of a second metal having a work function of greater than 4 



15. An electroluminescent device according to any one of claims 1 to 14 further characterized in that said 
host material is a chelated oxinoid compound. 

16. An electroluminescent device according to claim 15 further characterized in that said chelated oxinoid 
compound is represented by the structure: 





II 



where 



eV. 
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30 wherein 

Mt represents a metal; 

n is an integer of from 1 to 3; and 

Z 2 independently in each occurrence represents the atoms completing a nucleus having at least 
two fused aromatic rings. 

35 

Revendications 

1. Dispositif electroluminescent comprenant dans I'ordre une anode, une zone organique d'injection et de 
transport des trous, un zone luminescente et une cathode caracterise en ce que 

40 la zone luminescente est formee par un film mince ayant une epaisseur inferieure a 1 urn comprenant 
un materiau-hote organique permettant I'injection d'electrons et de trous et 

un materiau fluorescent capable d'emettre de la lumiere en reponse a la recombinaison trou-tlectron. 

2. Dispositif electroluminescent selon la revendication 1 dans lequel le materiau fluorescent est choisi 
45 pour fournir des sites preferentiels d'emission de lumiere. 

3. Dispositif electroluminescent selon la revendication 1 ou 2 dans lequel le materiau fluorescent est situe 
dans une couche contenant le materiau-hote organique en contact avec la zone organique d'injection 
de trous. 

50 

4. Dispositif electroluminescent selon Tune quelconque des revendications 1 a 3 dans lequel la cathode 
est constitute d'un mttal autre que les mttaux alcalins, ayant un travail d'extraction inftrieur a 4 eV. 

5. Dispositif electroluminescent selon Tune quelconque des revendications 1 a 4 dans lequel la zone 
55 organique d'injection et de transport de trous est constitute d'une couche en contact avec I'anode 

contenant un compost porphyrinique pour I'injection de trous et une couche contenant une amine 
tertiaire aromatique pour le transport des trous, situee entre la couche d'injection de trous et la zone 
luminescente. 
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6. Dispositif Electroluminescent selon Tune quelconque des revendications 1 a 5 dans lequel le matEriau 
fluorescent a une bande interdite inferieure ou egale a celle du materiau-hote et un potentiel de 
reduction moins nEgatif que celui du matEriau-hote. 

7. Dispositif Electroluminescent selon Tune quelconque des revendications 1 a 6 dans lequel le mateViau 
fluorescent est un colorant. 

8. Dispositif electroluminescent selon la revendication 7 dans lequel le colorant est choisi parmi la classe 
des colorants fluorescents tels que la coumarine, les dicyanomEthylenepyranne et les thiopyranne, les 
polymethines, I'oxabenzanthracene, le xanthene, les pyrylium et les thiapyrylium, les carbostyrile et les 
perylene. 

9. Dispositif Electroluminescent selon la revendication 8 dans lequel le colorant fluorescent est un colorant 
coumarine de formule : 



R 2 

R 5 



OU 

R 1 est choisi parmi un atome d'hydrogene, un groupe carboxy, aikanoyl, alkoxycarbonyle, cyano, aryle, 
et un radical heterocy clique aromatique, 

R 2 est choisi parmi un atome d'hydrogene, un groupe alkyle, haloalkyle, carboxy, aikanoyl et 
alkoxycarbonyle, 

R 3 est choisi parmi un atome d'hydrogene ou un groupe alkyle, 

R* est un groupe amino, et 

R 5 est un atome d'hydrogene, ou 

R 1 et R 2 forment ensemble un noyau carbocyclique condense, ou 

le groupe amino represents par R 4 forme independamment avec au moins un des groupes R 3 et R 5 un 
cycle condense. 

10. Dispositif electroluminescent selon la revendication 8 dans lequel le colorant fluorescent est un colorant 
de formule : 



NC CN 

if 



ou 

X represente un atome de soufre ou d'oxygene, 

R 6 represente un groupe 2-(4-aminostyryl), et 

R 7 reprEsente un second groupe R 6 , un groupe alkyle ou phEnyle. 

Dispositif Electroluminescent selon Tune quelconque des revendications 1 a 10 dans lequel le matEriau- 
hote est capable d'emettre de la lumiere d'une premiere longueur d'onde en I'absence du matEriau 
fluorescent et le matEriau fluorescent est capable d'absorber la lumiere de la premiere longueur 
d'onde. 
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12. Dispositif Electroluminescent selon Tune quelconque des revendications 1 a 11 dans lequel la cathode 
est constitute d'un mEtal autre que les metaux alcalins, ayant un travail d'extraction inferieur a 4 eV et 
transmet la lumiere. 

5 13. Dispositif Electroluminescent selon la revendication 12 dans lequel la cathode est constitute d'une 
combinaison de metaux autres que les metaux alcalins ayant un travail d'extraction inferieur a 4 eV. 

14. Dispositif electroluminescent selon la revendication 12 dans lequel la cathode comprend en plus, moins 
de 50 % en atome d'un second mEtal ayant un travail d'extraction supErieur a 4 eV. 

10 

15. Dispositif Electroluminescent selon Tune quelconque des revendications 1 a 14 dans lequel le matEriau 
note est un compose oxynoVde chelatE. 

16. Dispositif electroluminescent selon la revendication 15 dans lequel le compose oxynoVde chelate est 
75 reprEsentE par la structure : 
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45 

Oil 

Mt represente un metal, 

n est un nombre entier compris entre 1 et 3, et 

Z 2 represente, independamment dans chaque cas, les atomes necessaires pour former un noyau 
so ayant au moins deux cycles aromatiques condenses. 

Patentanspriiche 

1. Elektrolumineszierende Vorrichtung mit in Folge einer Anode, einer organische Leerstellen injizierenden 
55 und transportierenden Zone, einer lumineszierenden Zone und einer Kathode, 

dadurch gekennzeichnet, dafl 

die lumineszierende Zone von einem dunnen Film einer Starke von weniger als 1 urn aus einem 
organischen Wirtsmaterial, das sowohl eine Leerstellen- wie auche eine Elektronen-lnjektion zu unter- 
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stOtzen vermag und 

aus einem fluoreszierenden Material, das Licht als Folge der Leerstelien-Elektronen-Rekombination zu 
emittieren vermag, gebildet wird. 

Elektrolumineszierende Vorrichtung nach Anspruch 1 , weiter dadurch gekennzeichnet, dafi das fluores- 
zierende Material ausgewahlt wird, dafi es bevorzugte Zentren fur die Lichtemission liefert 

Elektrolumineszierende Vorrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dafi sich das 
fluoreszierende Material in einer Schicht befindet, die das organische Wirtsmaterial enthalt und sich in 
Kontakt mit der organischen Leerstellen injizierenden Zone befindet. 

Elektrolumineszierende Vorrichtung nach einem der Anspruche 1 bis 3, weiter dadurch gekennzeichnet, 
dafi die Kathode aus einem von einem Alkalimetall verschiedenen Metall aufgebaut ist, mit einer 
Austrittsarbeit von weniger als 4 eV. 

Elektrolumineszierende Vorrichtung nach einem der Anspruche 1 bis 4, weiter dadurch gekennzeichnet, 
dafi die organische Leerstellen injizierende und transportierende Zone umfafit 

eine Schicht in Kontakt mit der Anode, enthaltend eine Leerstellen injizierende porphyrinische Verbin- 
dung und 

eine Schicht, enthaltend ein Leerstellen transportierendes aromatisches tertiares Amin zwischen der 
Leerstellen injizierenden Schicht und der lumineszierenden Zone. 

Elektrolumineszierende Vorrichtung nach einem der Anspruche 1 bis 5, weiter dadurch gekennzeichnet, 
dafi das fluoreszierende Material einen Bandspalt, der nicht grofier ist als der des Wirtsmaterials und 
ein Reduktionspotential, das weniger negativ ist als das des Wirtsmaterials, aufweist. 

Elektrolumineszierende Vorrichtung nach einem der Anspruche 1 bis 6, weiter dadurch gekennzeichnet, 
dafi das fluoreszierende Material ein Farbstoff ist. 

Elektrolumineszierende Vorrichtung nach Anspruch 7, weiterhin dadurch gekennzeichnet, dafi der 
Farbstoff ausgewahlt ist aus der blasse bestehend aus Coumarin-, Dicyanomethylenpyran-, und 
-thiopyran-, Polymethin-, Oxabenzanthracen-, Xanthen-, Pyrylium- und Thiapyrylium-, Carbostyryl und 
Perylen-FIuoreszenzfarbstoffen. 

Elektrolumineszierende Vorrichtung nach Anspruch 8, weiter dadurch gekennzeichnet, dafi der Fluores- 
zenzfarbstoff ein Coumarinfarbstoff der Formel: 



R 2 

VvV 1 

R 5 



ist, worin 




R 1 


ausgewahlt ist aus der Gruppe bestehend aus Wasserstoff, Carboxy, Alkanoyl, Alkox- 




ycarbonyl, Cyano, Aryl, und einer heterocyclischen aromatischen Gruppe; 


R 2 


ausgewahlt ist aus der Gruppe bestehend aus Wasserstoff, Alkyl, Haloalkyl, Carboxy, 




Alkanoyl, und Alkoxycarbonyl, 


R 3 


ausgewahlt ist aus der Gruppe bestehend aus Wasserstoff und Alkyl; 


R 4 


eine Aminogruppe ist; und 


R 5 


Wasserstoff oder 


R 1 und R 2 


gemeinsam einen ankondensierten carbocyclischen Ring bilden, oder die Aminogrup- 




pe, fur die R 4 stent, mit mindestens einem der Reste R 3 und R 5 einen ankondensier- 




ten Ring bildet. 
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10. Elektrolumineszierende Vorrichtung nach Anspruch 8, weiter dadurch gekennzeichnet, da/3 der fluores- 
zierende Farbstoff ein Farbstoff der Formel: 



ist, worin 

X fur Sauerstoff oder Schwefel steht; 

R 6 eine 2-(4-Aminostyryl)gruppe darstellt und 

R 7 eine zweite R 6 Gruppe ist, eine Alkylgruppe Oder eine Phenyigruppe. 

11. Elektrolumineszierende Vorrichtung nach einem der Anspruche 1 bis 10, weiter dadurch gekennzeich- 
net, daB das Wirtsmaterial in der Lage ist, in Abwesenheit des fluoreszierenden Materials Licht einer 
ersten Wellenlange zu emittieren und da/3 das fluoreszierende Material in der Lage ist, Licht bei der 
ersten Wellenlange zu absorbieren. 

12. Elektrolumineszierende Vorrichtung nach einem der Anspruche 1 bis 11, weiter dadurch gekennzeich- 
net, daB die Kathode aus einem von einem Alkalimetall verschiedenen Metall mit einer Austrittsarbeit 
von weniger als 4 eV aufgebaut ist und fur Licht durchlassig ist. 

13. Elektrolumineszierende Vorrichtung nach Anspruch 12, weiter dadurch gekennzeichnet, daB die Katho- 
de aus einer Kombination von Metallen, die von Alkalimetallen verschieden sind, mit einer Austrittsar- 
beit von weniger als 4 eV gebildet wird. 

14. Elektrolumineszierende Vorrichtung nach Anspruch 12, weiter dadurch gekennzeichnet, daB die Katho- 
de zusatzlich weniger als 50 Atomprozent eines zweiten Metalles mit einer Austrittsarbeit von groBer 
als 4 eV aufweist. 

15. Elektrolumineszierende Vorrichtung nach einem der AnsprOche 1 bis 14, weiter dadurch gekennzeich- 
net, daB das Wirtsmaterial eine oxinoide Chelatverbindung ist. 

16. Elektrolumineszierende Vorrichtung nach Anspruch 15, weiter dadurch gekennzeichnet, daB die oxinoi- 
de Chelatverbindung der folgenden Struktur entspricht: 




R 7 -l' Lr* 



».' 
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7 2 




n 



ein Metall darstellt; 

eine ganze Zahl von 1 bis 3 ist; und 

unabhangig von jedem Vorkommen fur die Atome steht, die einen Kern vervollstandigen, der 
mindestens zwei ankondensierte aromatische Ringe aufweist. 
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